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Increased 

production= 

greater 
Economy 


Ta is the unfailing record of machine 
tools with gears of Agathon Alloy Steels. 


Because all highly stressed wearing parts 
will last longer when made of these dense, 
. uniform hard steels. 


Makers of drills, tools, automobile trans- 
missions, gears of all kinds, and a great 
variety of motor car parts turn to Agathon 
Steels for exceptional durability. These 
steels lend themselves perfectly to heat 
treatment. Ideal for use where the most 
severe service is required. 


If you are in need of metallurgical assis- 
tance we will gladly give it without charge. 
Write, too, for a copy of the Agathon Alloy 
Steel Handbook. It gives complete infor- 
mation on the entire Agathon series. 


CENTRAL ALLOY STEEL CORP. - Massillon, Ohio 
World's largest and most highly specialised Alley Steel producers 
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HIGH CARBON HIGH CHROMIUM STEELS 


By J. P. Gia. 


Abstract 


The author compares the properties of six steels of 
the high carbon, high chromium class, which, during re- 
cent years, have become so popular as die steels. The com- 
parison covers the critical points, hardening and temper- 
ing curves, microstructure and physical properties. A 
short discussion of the constitution of steels of this class 
is also included; also a brief historical outline of the de- 
velopment of steels of this type. 


LListToRICAL 


HE metal chromium was discovered in 1797 by Vauquelin and 

was named chromium from the word ‘‘croma’’ meaning color, 
due to the many colors imparted to minerals by its oxides. The 
first experiments made in reference to the addition of chromium 
to iron and steel were by Faraday and Stodart in 1820. Berthier 
followed with other experiments in 1821 which were much more 
exhaustive than Faraday’s. The first commercial application of the 
ddition of chromium to steel was made by Robert Mushet in 1861. 
Shortly afterwards, in 1865, Julius Baur of New York was granted 


an American patent on a chromium steel. 


Brustlein made a num- 
her 


of interesting experiments in reference to the addition of 
chromium to steel beginning in 1876. 


; 


The subject, in general, of 
the effect of chromium in iron and steel was most fully covered in 
paper read before the Lron and Steel Institute of Great Britain 


\ paper presented before the tenth annual convention of the society, 
Philadelphia, October 8 to 12, 1928. The author, J. P. Gill, a 
of the society, is chief metallurgist with the Vanadium-Alloys 

Latrobe, Pa. Manuscript received July 9, 1928, ; 
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Hadfield in 1892. 


dh 


In his paper! he touch 





THE A. 
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~ 


on high carbon, high chromium steels, concerning whiel 


‘*As will be seen 


as high as 16.74 per cent chromium but this material is o) 


tially malleable. 
cent ) 


but this is about the limit of forgeability, at any rate in 
ence of the unavoidable amount of carbon 1.79 per cent. 


being SO high, 


samples have been obtained ¢ 


Probably this is owing to the carbon (2.12 
(1d. 


was by careful treatment sufficiently malleable to obtain 


Specimen 


‘NN?’ 


12 


per 


Li] 


()) ’ , 


cent ehy 


Had 


field apparently was trying to obtain high chromium steels low 


earbon but was unable to do so, because of the high carbon 
a 


(2.12 per cent carbon and 16.74 per 


of the ferrochromium used. ) 
cent chromium) and 


chromium ) 


"=" 


show but little change by annealing. 


COnTent 


\ 1.79 per cent carbon. 15.12 De} 


Before this tr 


ment they are hard and seem to possess somewhat of the natur 


badly chilled cast iron . . . * 


sufficient 


material 


was obtained 


to 


cracked badly when forged } 


make 


a 


test 
would not, however, either forge at a medium or 


bar. Ingot ‘0 


low heat 


sample ‘M’ (1.27 per cent carbon and 11.13 per cent chromium 


may be taken as the highest limit of forgeability 


other unimportant properties of high carbon, high chromium ste 


were mentioned in his exhaustive paper. 


of 


investigators experimenting with 


A 


= 


After 1900 the number 


chromium 


steels increased 


rapidly and the writer has been unable to learn the approximat 


time of the first commercial applications of steels containing hig! 


earbon and high chromium. 


Messrs. 


Pateh and 


Furness aj 


ypL1er 


for a patent in 1915, which was granted in 1916 relating to tli 
invention of a steel containing from 15.00 to 20.00 per cent chr 


mium and from 1.0 to 2.0 per cent carbon. 


In their patent appli 


eation, however, they state that previously they believed that it had 
only been proposed to use chromium between 12.00 and 16.00 per 


I 


eent with carbon above 2.00 per cent, thus recognizing the exist 


ence and use of high carbon, high chromium steels previous to th 
time of their application for a patent. 


with a 


high earbon 


(1.50-2.50 


per 


cent ) 


Steels for drawing | 


and 


a 


les 


high chromium 


eontent, others with a high tungsten content had been used for a 
number of years previous to this time (1916). 


Pateh and Furness, stress is made of the fact that their steel 


‘The figures appearing in parentheses refer to the bibliography appended 1 


In the patent ol 


IS a 
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mine tool steel and that it has the advantage of an in- 

» the life of the tool and the capacity to cut at higher speeds. 

rlish patent was eranted to P. R. Kuehnrich in 1918, appli- 

for which was filed in 1916, which related to a steel con- 

approximately 1.50 per cent carbon, 12.00 per cent chrom- 

nd 3.50 per cent cobalt. The patent application states that 

ect was to provide a substitute for high speed steel by the 

tion of cobalt to carbon-chromium steels and that steel cov- 

y his invention possessed the characteristic property of ‘‘red 

1) aia? ete. In England during the World War high earbon, 

chromium steels were used to a certain extent to replace high 

steel for cutting operations, which steels were known as 

estenless’’ high speed steels. During the last several years 

his tr earbon, high chromium steels have become increasingly pop- 

nature | with American manufacturers for a wide range of tools. The 

rged | property of high carbon, high chromium steels which had made 
ngot 


popular is its high resistance to abrasion or wear, yet little 
heat 


a 


no mention is made of this one outstanding property in the 


\romium ‘rature previous to 1920. The earlier applications of high ear- 


A fe 


high chromium steels (excepting drawing dies) seem to have 
um STee \ 


en for cutting tools of the nature of lathe tools, taps, ete., while 
number luring the last several years the steel has widely appealed to man- 
Inereased facturers more as a die steel and there is no doubt but that steels 


roximat his type will be more widely used in the future. 


ling higl 
COMPOSITIONS STUDIED 


The present paper deals with a comparison of six types of 
eh carbon, high chromium steels, the composition of which will 
‘found in Table I. 


= CONSTITUTION 
16.00 per 


the exist \ search of the literature on the constitution 


of chromium 
’ ‘ } 
us TO The { i 


s reveals a large number of articles and papers treating with 
ving dies this phase in particular. Excellent papers have been published by 
-hromium Murakami (2), Grossmann (5) and others. Murakami suggests 


sed for a ‘al formule for the carbides of high carbon, high chromium 


patent of ‘teels, as Well as discussing the constitution of the matrix, while 
steel is a ssmann has given us a detailed development of the constitu- 
diagram 


the writer has only briefly studied this interesting subject and 
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Table I 
Chemical Composition of Steels Studied with Compositions of R 
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fp —_ 


















\ 2.38 0.42 0.71 0.010 0.0380 12.48 0.00 0 0 ( ‘ 
Residue 5 U.S85 lone 37.73 

B 2.12 0.24 90.31 oOo 020 0.02] 13.20 0.81 9.90 
Residue o 0.7 4.89 $1.75 1.12 

C 1.38 0.35 0.96 0.006 0.015 12.99 0.00 3.4 ( 
Residue 5 0.20 7.60 16. ) 4 { 

D> Bee 0.19 0.46 0.009 0.015 13.43 0.00 ( 
Residue 5 0.65 7.59 $1.43 { 

KE 1.60 0.09 0.30 0.011 0.026 16.95 0.00 0 ] 
Residue 5 0.51 (.84 





19 0.24 0.89 0.012 0.018 1 


{ 
Residue 5 0.40 ey 









a preliminary investigation of this phase 


Was made of only on 







of the steels studied, namely, Steel ‘‘]].”’ The structures of the 


photomicrographs Figs. 1 to 3. The 
photomicrographs were made near both the outside and 
the ingot as well as half-way between. 







ingot as cast are shown in 










Center 







The structure as shown is 
characterized by a heavy chromium segregate 








of eutectic compo 







sition. The sesregates are surrounded or 






embedded in poorly 
defined matrix rich in dissolved chromium and carbon. No ey; 
dence was developed through the use of different etchine pea 
to indicate that the eutectic as shown in 
in chemical composition. 







; 
ents 






(fF 







the east structure varied 









There is no evidence of graphitic earbon 





in the east structure. 





Upon annealing the ingot as cast a large 
number of very small chromium 
probably differ somewhat 






carbides are precipitated whicl 









in chemical composition from the eutecti 
segregate. Photomicrographs Figs. 4 to 6 






are of the annealed in 






got. After breaking up the segregate by mechanical work it will 


again fuse together at temperatures below the mi 








Iting point of the 
Steel as shown in photomicrographs Figs. 27 to 30. 


There is evidence that the 










high earbon. high chromium steels 
studied are composed essentially of a 





] 


matrix rich in dissolved 








chromium. carbon and chromium carbides with a eutectic segregate 


and a precipitated chromium carbide. which carbides are precipi- 
tated on slow cooling from 









casting or on reheating the steel after 
















ee 


only one 
-s of the 
3. The 
center of 
shown is 
ec compo 
a poorly 
No eV1- 
reagents 
re varied 
i¢ carbon 
t a large 
ed which 
e eutectic 
i1ealed in- 
rk it will 
int of the 


um steels 
dissolved 
segregate 
precipl- 
teel aiter 
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1—Photomicrograph Showing Steel H. As Cast Into 6-Inch Ingot. Specimen 
t Center of Ingot. Fig. 2—Photomicrograph Showing Steel H. As Cast Into 6-Inch 
Specimen Taken Half Way Between Center and Outside. Fig. 3—Photomicrograph 
Steel H. As Cast Intoe 6-Inch Ingot. Specimen Taken %-Inch from Surface, 
Photomicrograph Showing Steel H. Same as No. 1 Except Annealed. Fig. 5 
rograph Showing Steel H. Same as No. 2 Except Annealed. Fig. 6—Photomicro 

ving Steel H. Same as No. 3 Except Annealed. All Photomicrographs x 16. 


casting ; the amount of precipitated carbide depending on the treat- 
ment. 

An analysis of the segregate and carbides was made of the six 

s studied, by dissolving annealed samples slowly in dilute hy- 

ochlorie acid, the residue remaining being taken as constituting 

segregates and carbides. The results are shown in Table I. 

igh the carbon content of the six steels in question varies 
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Fig. 7—Photomicrograph Showing Steel H. As Cast Into 6-Inch 
Taken %4-Inch From Surface. Fig. 8—Photomicrograph Showing Steel 
6-Inch Ingot, and Annealed. Specimen Taken %4-Inch From Surface. | 
graph Showing Steel H. As Cast Into 6-Inch Ingot. Specimen Taken %% 
Center to Outside. Fig 10—Photomicrograph Showing Steel H. As Cast 
Ingot, and Annealed. Specimen Taken ™% Distance From Center to Outside 


micrographs X 3050. 


from 1.60 to 2.40 per cent, yet the carbon content of the residues 
is within quite narrow limits. The chromium content likewise 


covers a fairly narrow range, excepting for steel ‘‘E’’ which had a 


chromium content of approximately 4.00 per cent in excess of the 
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1—Photomicrograph Showing Steel H. As Cast Into 6-Inch Ingot. Specimen 
h From Surface Fig. 12—Photomicrograph Showing Steel H. As Cast Into 
id Annealed. Specimen Taken %4-Inch From Surface. Fig. 13—Photo- 
g Steel H. As Cast Into 6-Inch Ingot. Specimen Taken Half Way 
ind Outside. Fig. 14—Ph tomicrograph Showing Steel H. As Cast Into 


\nnealed. Specimen Taken Half Way Between Center and Outside. All 
LOOO, 


iY 
n 


» residues 


live steels, and therefore, shows a much greater percentage 
it chromium in the Secregate. 
ich had a dium it 


likewise Of the two steels containing vana- 


is found that approximately twice the amount of vanadium 
's ound in the segregate of steel ‘‘H’’ as is found in the seere 


ASS ol the 





TRANSACTIONS OF THE 


/ ot tt 
17 Ere 


vi ha) R 


Fig. 15 Photomicrograph Showing Steel A. Longitudinal Section 4-Inch Billet 
men Taken %4-Inch From Surface. Fig. 16—Phctomicr graph Showing Steel A Longit 
Section 4-Inch Billet. Specimen Taken Half Way Between Center and Outside. 
Photomicrograph Showing Steel B. Longitudinal Section 4-Inch Billet Specimer 
%-Inch From Surface. Fig. 18—Photomicrograph Showing Steel B.  Longitudina 
4-Inch Billet. Specimen Taken One-Half Distance From Center to Outside All 
micrographs X 250. 


gate of steel ‘‘B’’; as to whether or not this is due to the cobalt 
eontent of steel ‘‘H’’ is problematical. Cobalt and_ nickel are 
usually dissolved by iron and are not considered as carbide form 
ers, and as would be expected in steel ‘‘C’’ containing 3.50 per 








specimen Ta 
itudinal Sect 


le. All Phot 


. the cobalt 


nickel are 
rbide form- 
Te 3.00 per 
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Photomicrograph Showing Steel C. 4-Inch Billet. Longitudinal Section. Pho 
en %-Inch from Surface Fig. 20-——Photomicrograph Showing Steel C 4-Inch 
gitudinal Section. Photograph Taken One-Half Distance from Center to Outside. 

| Phe tomicrograph Showing Steel D. 4-Inch Billet. Longitudinal Section. Photo 

Taken \% Inch from Surface. Fig. 22-—-Photomicrograph Showing Steel D. — 4-Inch 

longitudinal Section. Photograph Taken One-Half Distance from the Center to 
All Photomicrographs & 250, 


cent cobalt, only 0.40 per cent was found in the residue; but it 
dificult to explain why 0.41 per cent nickel was found in the resi- 


— steel “D,’’ which steel actually only contained 0.51 per cent 
nickel. 
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Pe | 
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92 


ig 3—Photomicrograph Showing Ste¢ E i-Inch Billet Lor 
tograph Taken %-Inch from Surface “is 24 Photomicrograph 
t-Inch Billet Longitudinal Section. Photogravh Taken One-Half Distan 
Outside Fig. 25-—Photomicrograph Showing Steel H t-Inch Billet. Longit 
Photograph Taken 4-Inch from Surface ig. 26—Photomi 
Billet Longitudinal Section iotograph Taken One-Half 
All Photomicrographs 250 


rograph Showing 
Distance fr 


It is interesting to note that the two residues of least weight 
were obtained from the two steels containing cobalt, namely, steels 
“C”? and ‘‘H.’’ Of the steels containing carbon and chromium 
without appreciable amounts of cobalt or vanadium, the amount 
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Photomicrograph Showing Steel H. Showing the Progressive Fusion of the 
ecimens Taken from %-Inch Square Forged Bar. Fig. 28—-Photomicrograph 
H Showing the Progressive Fusion of the Eutectic. Specimens Taken from 

Forged Bar. Fig. 29—Photomicrograph Showing Steel I. Showing the 
Fusion of the Eutectic Specimens Taken from %4-Inch Square Forged Bar 
hotomicrograph Showing Steel H. Showing the Progressive Fusion of the Eutect 
faken from %-Inch Square Forged Bar. All Photomicrographs xX 500. 


of carbide and eutectic is more dependent on the carbon content 


ast weight em : 
han the chromium content. 


v ‘Ly, steels : s* - ‘ » . . 

5% ' Photomicrographs Figs. 15 to 26 show the longitudinal strue- 
‘hromium aa ye: 
ives of 4-inech billets fully annealed; one photomicrograph taken 
le amount 
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C Hardness Vs. Quenching 


300 = 400 600 


Temperature 


Fig. 32—-Rockwell Hardness Vs. Tempering Temperat 
Quenched at Various Temperatures 


near the surface and the other midway between the surface and 


} 


center. The least amount of eutectic segregate is found in steels 
“*C”’ and ‘‘E”’ because of lower carbon content. The segregate is 


largest and least broken up in steel ‘‘A’’ which is essentially 
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vregate is Fig. 34—-Rockwell Hardness Vs. Tempering Temperature Curves for Steel @ 
. Quenched at Various Temperatures 
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Fig. 36—Rockwell Hardness Vs. Tempering Temperature Curves for Steel 
at Various Temperatures. 
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300 «436400 «68500 )=0 600-'s«s700:«2S 800s“ 00 1000 =: 100 
Temperature ~ Degrees Fahr 


kwell Hardness Vs. ‘Tempering Temperature ¢ 


rves for Steel H Quenched 
mperatures 


traight earbon-chromium steel and slightly highest in carbon. Of 
the four steels having the higher carbon content, the best distribu- 
tion of the segregate is in steel ‘‘II,’’ which contains both cobalt 
nd vanadium. 


CRITICAL POINTS 


Murakami (2), Arnold and Read (3), Edwards, Sutton and 
hi (4) and many others have made an investigation of the ther- 
il changes that take place on both the heating and cooling of 
hromium steels, yet the transformations of the high carbon, high 


hromium steels have only been briefly investigated. In order to 


mpare the thermal changes of the six steels studied, heating and 
oling curves were made of each of the steels. Three 


} 
nd 


heating 


three cooling curves were made of each steel, using a fully 
nnealed specimen. (Figs. 39 and 40 


Approximately 1 hour 
as required for heating the specimen from 800 degrees Fahr. to 
maximum temperature and 1 hour was also required to cool the 

‘men from maximum temperature to 700 degrees Fahr. One 
ip of specimens was heated to 1750 degrees Fahr., after which 


hey were immediately cooled with the furnace. The second group 


heated to 1750 degrees Fahr., but held for 15 minutes at tem 
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Table II 
Hardness Results Obtained on Steels Investigated 













Steel How Treated Brinell Hardness g 
No Deg. | Location Nos | n XN 
l 2 S 4 > 6 4 x 9 10 














Air Cooled 




















1725 87 875 370 364 864 864 887 364 364 364 
Air Cooled 1825 150 404 415 402 $02 $02 418 418 $02 $02 { 
Oil Quenched 1725 683 683 683 683 68 

B Air Cooled 1825 444 3887 375 364 3861 351 402 887 864 61 ‘ 
Air Cooled 1950 $77 144 $44 $18 {18 418 444 444 $18 418 ‘8 4 
Oil Quenched 1825 7138 683 (13 ( 

C Air Cooled 1895 652 652 652 652 659? 
Air Cooled 1925 6952 652 652 652 65 
Oil Quenched 1825 683 OSS OS3 OS3 O83 

D Air Cooled L800 177 $44 418 387 387 387 444 $02 387 387 1( 
Air Cooled 1875 460 418 402 387 387 387 418 402 387 387 { 
Oil Quenched 1800 7138 718 683 713 RA 

E Air Cooled 1925 627 62% 627 627 62 
Air Cooled 2000 627 627 627 627 627 Q 
Oi] Quenched 1925 6838 683 688 68 

iH Air Cooled L800 24 $18 388i ssi 3810 364 $02 3S8i 8 o64 { 
Air Cooled 1950 $7 i $44 it4 $18 $44 $30 418 9 4 
Oil Quenched 1800 7138 7138 713 718 713 ( 










perature before cooling and the third group was heated to 1850 
degrees Fahr., at which temperature the specimens were held for 
10 minutes and then cooled. 


Steel ‘‘A’’ shows two transformation points on heating, one 
/ 





Fig. 388—Sketch Showing Relative Posi 
tion of Rockwell and Brinell Tests on Fac: 
of 4-Inch «Cube Circle Indicates Rockwell 
C Impression, Cross Indicates Brinell Im 


pression 












beginning at 1390 degrees Fahr. and the other at some 1450 de- 
grees Fahr. On cooling only one point developed which began at 
some 1310 degrees Fahr, Cooling the steel from the higher tem- 
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or holding at temperature a greater leneth of time did 
nve the position or Increase the number of critical points 
The intensity of the one point, however, was greatest 
steel was cooled immediately from 1750 degrees Fahr. 


‘ntensityv least when the steel was cooled from 1850 degrees 


Stee] **B’’ showed two transformations on heating, beginning 
41) degrees Fahr. and 1480 degrees Fahr. and on cooling one 
neformation beginning at 1310 degrees Fahr. The transforma 
‘ooline was more prolonged than that of Steel ‘‘A’’ and 
maximum intensity when cooled from 1750 degrees Fahr. 
holding for 15 minutes. 
feel “*D’? showed two transformations on heating, one begin 
1380 deerees Fahr. and the other at 1480 degrees Fahr. 
olinge. one transformation at 1310 degrees Fahr., the maxi- 
ntensity of which was shown when cooled immediately from 
to 1850 degrees Fahr. | | 
held for Steel ‘STL’? showed two transformations on heating, one begin 
| 1370 degrees Fahr. and the other at 1390 degrees Fahr. 


. ower transformation was more prolonged than in any of the 

Ing’, one ‘ si . 2 P - 
steels. One transformation was found on cooling at 1350 

rees Kahr... most intense when cooled from 1850 degrees Fahr. 


Stee] 


‘C’’ showed two transtormations on heating, beginning 
1150 degrees Fahr. and 1530 degrees Fahr., the higher trans- 
tion of marked intensity compared with the lower. On cool- 
one transfoimation was found at 760 degrees Fahr. quite in 
vhen cooled from 1750 degrees Fahr. but nearly suppressed 


cooled from bSoO0 devrees Kahr. 

teel “‘ E’’ showed two transformations on heating, beginning 

1400 degrees Fahr. and 1510 degrees Fahr. and like Steel ‘‘C”’ 
ipper transformation was of unusual intensity as compared to 


ower 


r. On cooling two transformations developed, one begin- 
about 1300 degrees Fahr. and the other at 700 to 770 de- 
ahr.; the upper transformation almost suppressed when 
immediately from 1750 degrees Fahr. and the lower al- 


st suppressed when cooling from 1850 degrees Fahr. 


\1 
| 


st likely by varying the temperature from which cooling 
LS | nad 


i the cooling rate, any of the steels studied could be made 


) two transformations on cooling; one in the neighbor- 


5) 


1450 de- 
began at 


her tem- 
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hood of 1300 degrees Fahr. and the other in the nelehh 
790 degrees Kahr. A comparison of the cooling curves detery 
under like conditions would indicate that Steels ‘*C”’ and ‘*] 
would respond to air hardening to a greater degree than 
steels which is true. 

The thermal changes of the high carbon, high chromium st, 
are similar to the thermal changes of an 18.00 per cent | nest, 


high speed steel and an interpretation of what takes place at , 













r legres 











Thermal 


. Changes °K 
. ring on Heating and Cooling Steels A, B, D and H 
















transformation is equally as difficult. Apparently the first tr 


formation on heating is the A, point and the second transtor! 





tion the solution of the carbides, called by some investigators t 





carbide transformation. Since, some of the eutectic segreza! 








may begin to dissolve at the earbide transformation and conti 





to dissolve with increase in temperature up to actual melting 





solution is not likely to be indicated with a definite point. An ¢ 





planation of the changes on cooling is not so simple. If the up| 





point represented the carbide transformation, then steels show 
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hange at some 1300 degrees Fahr. would be expected to 
hard by a suppression of the A, change which is not the 
will be found on referring to Table ILL which vives the 
ss of each specimen after cooling. Is it possible then that 
ne change only takes place at some 1300 degrees Fahr. it 


= 
| 


- 


| 
} 





10—Curves Showing Thermal Changes Occur 
on Heating and Cooling Steels C and E, 
th the carbide and A, changes combined? Then, when only 
change is apparent and at a low temperature, about 750 de- 
ahr., is it the A, transformation and the steel is partially 


Great trans hardened by suppressing the carbide change? It has been sug- 
sted 1) 


y others that the upper point on cooling represents a change 


transtor! 
ticators { irom austenite to troostite and the lower point from austenite to 

artensite. This would be in keeping with the hardness obtained 
r cooling but does not take into consideration a carbide change, 


ind there is much evidence that there is such. 


LLARDENING AND TEMPERING CURVES 


All of the steels used in plotting the hardening and tempering 
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Fig. 41—Photomicrograph Showing Steel A. Hardened from 1750 
pered to 300 Degrees Fahr. Fig. 42—Photomicrograph Showing Steel 
1750 Degrees Fahr. Tempered to 700 Degrees Fahr. Fig. 43—Photomicrograph 
Steel C. Hardened from 1750 Degrees Fahr. ‘Tempered to 1100 De 
Photomicrograph Showing Steel A. Hardened from 1900 Degrees Fahr. Tempered t 
Degrees Fahr. Fig. 45—Photomicrograph Showing Steel A. Hardened from 190 
Fahr. Tempered to 200 Degrees Fahr. Fig. 46-—Photomicrograph Showing Steel 
ened from 1900 Degrees Fahr. Tempered to 1100 Degrees Fahr. All Photomic 


r r 
grees Fah 


curves were forged to 34-inch square bars and specimens were thie! 


eut 84-inch in length, making each specimen a 34-inch cube. Th 
specimens were given a full anneal from 1625 degrees Falr. and 
each specimen was used only once. All of the specimens were 
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Photomicrograph Showing Steel B. 
Degrees Fahr, Fig. 48—Photomic 


> 
0 


Quenched from 1750 Degrees Fahr, Tem 
rograph Showing Steel B Quenched from 
ees Fahr. Tempered to 700 Degrees Fahr. Fig. 49—Photomicr graph Showing 
duenched from 1750 Degrees Fahr. Tempered to 1100 Degrees Fahr. Fig. 50 
rograph Showing Steel B. Quenched from 1900 Degrees Fahr. Tempered to 300 
uit Fig. 51 Photomicrograph Showing Steel B. Quenched from 1900 Degrees 
ed to 700 Degrees Fahr. Fig. 52-—Photomix ograph Showing Steel B. 
m 1900 Degrees Fahr. ‘Tempered to 1100 Degrees Fahr. All Photomicrographs 
were the! 


ube. The treated in the open furnace but care, however, was exercised to 
Fahr. and he atmosphere of the furnace as near reducing 


as possible. 
nens were 


ecumens were placed upon a heavy wire screen and raised 
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Fig. 53—Photomicrograph Showing Steel C. Hardened from 1750 Degrees Fabhr. 
pered to 300 Degrees Fahr. Fig. 54—Photomicrograph Showing Steel C. Hardened 
1750 Degrees Fahr. Tempered to 700 Degrees Fahr. Fig. 55-—Photomicrograph Showing 
Steel C. Hardened from 1750 Degrees Fahr. Tempered to 1100 Degrees Cent. Fig. 5 
Photomicrograph Showing Steel C. Hardened from 1900 Degrees Fahr. Tempered t 
Degrees Fahr. Fig. 57—Photomicrograph Showing Steel C. Hardened from 1900 Degr 
Fahr. Tempered to 700 Degrees Fahr. Fig. 58—Photomicrograph Showing Steel ¢ H 
ened from 1900 Degrees Fahr. Tempered to 1100 Degrees Fahr. All Photomicrographs 


above the bottom of the furnace. All of the specimens were 
quenched in oil and were allowed to remain in the oil until they had 
practically reached the oil temperature. Twelve specimens were 
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each quenching temperature in order to temper each 


) only once. 

Each group of specimens was brought to temperature at a rate 
rly uniform as possible, varying from 20 to 30 minutes and 
1s were held at temperature for 15 minutes before quench- 
th the exception of steel ‘‘E,’’ which was held 35 minutes 

emperature in order to Insure maximum hardness. The quench- 

temperatures varied by 50-degree intervals, ranging from 1500 

2100 degrees Fahr. The tempering temperatures varied by 100- 
degree intervals from 300 to 1200 degrees Fahr. In tempering 
the specimens approximately 45 minutes were required to bring 

e specimens to the tempering temperature, after which they were 

ld for 14 hour at the tempering temperature. Specimens which 

ere tempered below 600 degrees Fahr. were heated in oil and 
those tempered above 600 degrees Fahr. were heated in salt or 
lead. After tempering, all of the specimens were air-cooled. 

In making hardness tests the specimens were surface-ground 

to remove any decarburized surface. They were also ground slowly 

that the heat developed in grinding would not affect the hard- 
ness. The hardness of each specimen represents the average of 
five Rockwell readings. 

Because of the sluggishness in hardening of steels of this type 

ch of the specimens was held at a specified quenching tempera- 
ture different lengths of time in order to develop the time leneth 
to obtain approximate maximum hardness. This experiment showed 
that some types of the steels would develop maximum hardness at 
i specified temperature sooner than others. Upon determination of 

ngth of time necessary to hold at a specified temperature to ob- 
tain maximum hardness, hardness curves Fig. 31 were determined 
to obtain the quenching temperature which would produce maxi- 
mum hardness. Upon referring to curves (Fig. 31) it will be noted 
that there is a wide difference between the temperatures which gave 
the maximum hardness for the six different steels. 


Upon determination of the temperature which produced max- 
mum hardness the tempering curves were determined from speci- 
mens quenched from a number of different temperatures as shown. 
ae The tempering eurves are shown in Figs. 32 to 37. A study of the 
| they had npering curves reveals much interesting information about each 
nens were 


‘different steels, particularly the rate of softening on temper- 
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from 1750 Degrees Fah empered 

Showing Steel D Quenched from 1750 Degrees c 1 to 1100 Deg 

Fig. 62—Photomicrograph Showing Steel D. Quenched from 1900 Degrees Fahr Tem} 
to 300 Degrees Fahr. tig. 63——Photomicrograph Showing Steel D. Quenched 

Degrees Fahr. Tempered to 700 Degrees Fahr. Fig. 64—Photomicrograph Showing Ste 
Quenched from 1900 Degrees Fahr Tempered to 1100 Degrees Fahr. All Photo gral 
> 500 


ing when the specimens had been hardened from the lower tem- 


perature and the rate of increase in hardness on tempering and 


tempering temperature at which maximum hardness resulted when 





ywer tem- 
ring and 
lted when 
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Photomicrograph Showing Steel E. Hardened 
300 Degrees Fahr. Fig. 66—Photomic: 
Degrees kahr. Tempered to 700 Degrees Fahr. Fig. 67-—Photomicrograph 
el E. Hardened from 1750 Degrees Fahr. Tempered to 1100 Degrees Fahr. 
otomicrograph Showing Steel E Hardened from 1900 Degrees Fahr. Tempered 


es Fahr. Fig. 69—-Photomicrogiaph Showing Steel E. Hardened from 1900 
Tempered to 700 Degrees Fahr. 


Fig. 70—Photomicrograph Showing Steel E. 
m 1900 Degrees Fahr. Tempered to 1100 Degrees Fahr. All Photomicrographs 


om 
‘ograph Showing Steel ie Hardened 
| £ 


+ 
} 


he specimens had been quenched from the higher temperature. 


it will be noted in most instances that specimens which were hard- 


ened Trom the temperature which gave maximum hardness on 
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Fig. 71—Photomicrograph Showing Steel H. Hardened from 1850 Degre 
Tempered to 300 Degrees Fahr. Fig. 72—Photomicrograph Showing Steel H. 
from 1850 Degrees Fahr. Tempered to 700 Degrees Fahr. Fig. 73—Photomicr 
Showing Steel H. Hardened from 1850 Degrees Fahr. Tempered to 1100 Degré 
Fig. 74—-Photomicrograph Showing Steel H. Hardened from 2000 Degrees Faht 
to 300 Degrees Fahr. Fig. 75—Photomicrograph Showing Steel H. Hardened 
Degrees Fahr. Tcmpered to 700 Degrees Fahr. Fig. 76 
H Hardened from 2000 Degrees Fahr. 
graphs xX 500. 


trom 
Photomicrograph Showing St 


Tempered to 1100 Degrees Fahr. All Photor 


quenching also resisted the tempering action to the greatest degree 


without actually showing secondary hardness. 


Much interesting information was obtained in making the 


t 
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Me Ler. 


¥A¥ 
a 


Steel H Hardened from 1600 Degrees Fahr Not 
Showing Steel H Hardened from 1700 Degrees 
crograph Showing Stee i Hardened from 1800 
S0—Pnotomicrograph Showing Steel H Hardened 
ed rig S] Photomicrog! iph Showing Steel il 
lempered Fig. 82—-Photomicrograph Showing Steel 


Not Tempcred., All Photomicrographs 500, 


ss curves. For instance, all of the steels were hardened 


‘st degr 


space of several weeks and the determination of the tem- 


curves began with steels ‘‘B’’ and ‘‘II.’’ At least three 


iking 
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Fig. 83—Photomicrograph Showing Steel E. Held at 1800 Degrees Fahr., 
Not Tempered. Fig. 84—Photomicrograph Showing Steel E. Held at 1800 Degr 
15 Minutes. Not Tempered. Fig. 85—-Photomicrograph Showing Steel E. Held a 
Degrees Fahr., 30 Minutes. Not Tempered. Fig. 86—Photomicrograph Showing 
Held at 1800 Degrees Fahr., 45 Minutes. Not Tempered. All Photomicrographs 


months elapsed after hardening the specimens from steels ‘‘C’’ and 
**D’’ before they were tempered to the different temperatures. Upon 
testing the specimens from the two latter steels it was found that 
the hardness had dropped from one to two divisions on the Rock- 
well scale, apparently because of the aging effect. This was more 
particularly noticeable in the specimens which had a Rockwell 


hardness exceeding 63 C. In determining the tempering curves no 
allowance was made for this effect. All of the steels scaled heavil) 
at high temperatures; that is, from 1950 to 2100 degrees Fahr. but 
even at this temperature, steel ‘‘C’’ resisted the sealing action to a 
greater extent than any of the other steels. At lower temperatures 
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Table III 


of Steels after Cooling from Determination of Thermal Changes 








\t temp. Rockwell 
2+ «a Cooled from minutes Hardness C 
Degrees Kahr. 
\ L750 0 33 
L750 L5 36 


IS50 









1750 
L750 15 oo 


1850 













1750 : 
L750 LD 5] 








1750 
1750 Ld o2 


1850 
1750 
1750 15 1G 
1850 
















1750 











i 
; 1750 15 32 
as. L850 
So- of the steels sealed very little, while steel ‘‘C practically did 
De scale. Steels ‘‘C’’? and ‘‘E,’’ which steels had the lowest earbon 
BAN? | mtents of the six were sluggish and required the greatest time at 
sg Mi nperature to obtain maximum hardness; ‘‘E’’ requiring consid- 
ad at rably more time than ‘‘C.’’ Some of the steels reacted to the 
"tie irdening temperatures much more uniformly than others as would 
assumed when the steels hardened sluggishly. It is interesting 
°C” ar to note that steels ‘‘B’’ and ‘‘H’’ hardened most uniformly of the 


res. Upon six steels and both of these steels contained a high percentage of 


yund that vanadium. 
the Rock 


Was mort 














Air HARDENING 


a at 
Rockwell 





Some of the steels react much differently than others when 
‘urves no led as would be assumed from a study of the critical points. 
d heavils 
Mahr. but 


‘tion to 


ler to determine the relative degree of hardness on air cool- 
ng, 4-inch eubes were forged from each of the different steels. 
uens were chosen sufficiently large so that the mass effect 


peratures 


have some relation to the hardness; therefore, showing a 
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Fig.-87-—Photomicrograph Showing Steel H. Held at 1800 Degrees Fahr. 5 Mi 
Not Tempered. big. 88—Photomicrograph Showing Steel H Held at 1800 Degrees | 
15 Minutes. Not Tempered, Fig. $89—Photomicrograph Showing Steel H Held 
Degrees Fahr., 30 Minutes. Not Tempered. Fig. 90—-Photomicrograph Showing Ste 













Held at 1800 Degrees Fahr., 45 Minutes. Not Tempered. All Photomicrographs 











greater difference between the hardness of the different steels tha 
if the specimens were so small that by cooling rapidly the differ 
ence in the comparative results would be less. Specimens wer 
cooled in still air from two different temperatures; the tempera 
tures being chosen which were thought to give approximate ma\ 
imum hardness that could be obtained by air cooling. One spe 
men was also oil-quenched from a temperature previously deter 
mined to give maximum hardness on oil quenching. 

All of the specimens were packed in charcoal to prevent deca? 
burization and were then surface-ground on one face to a depth 0! 


about thirty thousandths before hardness readings were taken. Thi 














HIGH CARBON HIGH CHROMIUM STEELS 417 


readings were made diagonally across the face as well as 


The Brinell tests were taken within 14-inch of the edges 


Rockwell tests were taken within 1tx-ineh of the edges. 


fino 


ris 


\luel 


ows the relative position of both the Rockwell and Brinell 


in Table LL will be tound the hardness results of the dif 


ls corresponding to the numbers noted on the diagram. 


Cis 


ReUCTURE RESULTING FROM ITLARDENING AND TEMPERING 


rder to compare the microstructures of the different steels 


from hardening and tempering a number of the speci- 


used In determining the hardness curves were selected and 


rea? 
a} 


fy 


‘ )° 
VULe 


hed. These photomicrographs are shown in Figs. 41 to 
1 detailed information concerning these steels ean be ob 


om a study of the photomicrographs. An explanation, 


ot the photomicrographs would require considerable space 


is hardly necessary in view of the fact that to any one par 


larly interested in this phase of the subject, the photomicro 


hs should be self-explanatory. All of the specimens were 


cipal 


‘hed with an alcoholic solution containing 4 per cent nitrie acid. 


microstructure resulting from quenching from different tem- 


eratures is Shown of only one steel, namely, ‘‘H,’’ shown in photo- 


‘rographs Figs. 77 to 82. The effect of time on rate of solu- 


yn 


ik 


rN 


of a 


lloys in the different steels is shown in photomicrographs, 


S3 to YO. 


PHYSICAL PROPERTIES 


A tew of the physical properties of the different types were 


termined, including the elastic limit, tensile strength, percent 


steels thar 
the differ 
imens wer 
le tempera 
imate ma) Is 
One spe 


tor 


) 
usly deter 


‘vent decar 


elongation, the percentage of reduction in area, the specific 


ity after quenching from various temperatures and the move 


nea 


i? 


id distortion resulting from hardening. Impact tests were 


but due to our inability to obtain satisfactory checks the re- 


are 


\ 


omitted. 


tensile tests do not offer as good a comparison as they 


were the hardness of all of the specimens approximately the 


The two steels showing the lower carbon content show the 


percentage of elongation and reduction in area as would 
‘ted; while the hardest steel, namely, type ‘‘D’’ shows the 


tensile but a low percentage of reduction in area and elon- 
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Tensile Tests 


gation. Steels ‘‘B’’ and ‘HL’ both containing Vanadium show 


best combination of properties of the four steels havine th, 


carbon content. 


Tests for movement and deformation resulting from | 


ret 
abde] 


Table IV 


Opening in Inches at C 


were made with rings and with test pieces copied from those 
for a similar purpose by the United States Navy. The results 
shown in Tables IV and V. The steel was in each case har 


Table V 
Change of Dimension Hole X on Hardening 
Size-of 


tl 


from that temperature which would produce maximum hardness 
The test pieces were wholly hardened. 
In Table VI are shown the specific gravities of steel ‘‘H”’ aft! 


quenching from different temperatures. 
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Table VI 
of Steel H on Quenching from Different Temperatures 


Kt 
1 


Uses 


rtain physical characteristics of high carbon, high chro 
steels such as high resistance to wear, nondeformation on 
lening and ability to harden in oil or air, adapt it to a wide 
of tools and dies. The possible applications ot the steel 
Limost unlimited, hit a few ot the Uses for which if IS CS 
ly suited are as follows: blanking dies, drawing dies, coining 
formine dies. thread rolling dies, trimming cies, shear blades, 
es, lathe centers, gages, bushings, certain types of cold head 
es, rolls for cold forming, seaming rolls, wear plates, brick 


ners. cuttine tools for brass and bronze, @wuides, mandrels, 


ReESUMI 


teels “°C”? and ‘EK’? are the only two steels of the group 

h SEN ill harden satisfactorily in medium and large sections when 

led. Likewise steels ‘°C’? and ‘*E”’’ apparently do. not have 
as good wearing qualities as the other tour steels, due to 

naller carbide and eutectic content. 

Steel “°C”? resisted oxidation at high temperatures much bet 

han the others. <All of the steels when hardened and polished 


staining to a fair degree. 


Steel “‘E’’ required the greatest length of time at tempera 


to produce maximum hardness with steel ‘°C’? requiring the 
‘reatest. Steel ‘‘H’’ hardened the most uniformly of the 
with steel ‘‘B’’ next; both steels containing vanadium 


‘HL’ and ‘‘B’’ could be annealed the softest; ‘‘I1’’ slightly 
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softer than Steels 


ereatest degree of hardness using commercial hardenin 


| t 


and eould be hare 


while steels ‘'C’’ and ‘* E,’’ both of the lower carbon cont 
hardened to maximum hardness, were the least hard of 4 
ra? 


austenization; the secondary hardness being about 65.5 Ro 


UU All of the had 


Steel was most capable of secondary hardeni 













steels excellent nondeforminge ¢har . 


hal NI 
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Canton, 


J. P. Gill has rendered a great service in reporting on the 
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oh chre mium steels. The data report d here represent a 


nt of painstaking work, 




















the aspects of the work is t he relation ot hie ritieal pont 
the hardness obtained after heat treatment \s stated by 
nage 404, the thermal changes are similar to those in an 
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y \ lime-Shrinkage Curves of High Speed Steel Sh ne ine f | yth 
¢ the Hardening While High Speed Steel is Being Cooled from the Hardening Tem 
The Hardening 1 perature is Indicated on Each Curve Readings Cover the 





en 
f ( ling from 1100 Degrees Fahr., to Room Ter 













ent tungsten high speed steel. This is quite true and will serve 


xcuse for quoting here some similar observations made on high 
teel. As stated quite properly by Mr. Gill on page 405, the upper 
point on cooling, namely the one at about 1300 degrees Fahr, is 


represent the change from austenite to troostite. The lower 


point on cooling, namely the one in the neighborhood of 700 








Fahr., represents the change from austenite to martensite. The 
ransformations, since they produce martensite, lead to greater 


s than those which form troostite. Thus the steels which show 







stite transformation on page 404 are reported on page 115 as 
he lower Rockwell hardness from 28 to 38. and those which show 


tensite transformation on page 405 give the higher Rockwell hard 


to vo. It will be observed on page 105 that the steels cooled 
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Mr. ¢ writer ’s experience ' . anes: : oe 
: steel] A. and in this connector a Tew pom — 
more time in. heating 
| temperature limits between ¥ h rors , ern prone 
er ( Ons high speed steel. 
Heat Treatment. In eneral, pact hardening s given best 
ad | n service as this 
pletenes tected during the 
I solution of the carbides. _ 
im hardness and wearing quality However, som oe Geeeee 
Z 3 e treatment and we have heard. ot ardet ye temperatures all 
ad, gene rom 1400 un to 1750 degre Ia Prolonged eating m th 
closely will result in deearburization whiel ot fully removea result 
ferior wearing quality. Krom thi standpoint it would 
em 
en? 
THO « 
properly full hardness 
ee 
ub 8 he surface showing uniformly 65 to 67 Rockwell C, and this hardness 
he maxi een obtained with sections as large as the equivatent of aio inch cube 
In the It is possible to carburize the steel and a cas O pots. higher shan 
nmencing normal carbon content was produced by packing in Stecho and 
= hate © theese haere at 2000 denrces Wah: This piece when afterwards 
ing, the s | a] it ‘ | Li ; | 
| along with an untreated sample developed about 1 poimt higher 
mum | hardness. 
mtg ae REE a » HBardeniag Aftey standard treatment 
ee ) degrees Fahr. with a temper at 400 degrees Fahr., l-inch round 
, 
\ F hag eces show an expansion of 0.0005-inch pet ch. This temper, which 
otic mmon for die work. showed the least change from original size of 
tempering temperatures in practical use Checking three dimensions 
H ¢ ectangular test block, the length hoawed vi least change i 
me . d the thickness the most. Shrinkage tool pince ol length only 
— So0 degree Fahr. temper. 
el. ’ Resistance to Impact. The impact ot he steel is low 





regular heat treatment. When aust itized and tempered back 
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uses the difficulty. Possibl 
ner in which it occurs 
machine, 

of 1 per cent nickel, 


cent like the steels ‘* ‘7? : s 


Steel No. 1 
600, it h; I | *hotog of Chips Obtained by 
1 Pe | Speed of 47 Feet pe 
ned cart han Steel No ith Brinell Hardness 
Chromiun 


| Mr. Gill's 
the subi 
onized 


ious pal 


h types Aas 


nium ste 

‘ore, to s 

‘haps, ovel 

pe of ste 

re difficult 

e the tools es not seem to help matters much. In the annealed condition steels 


+ 


tv hecome milar to these two types may show a Brinell hardness as low as 207, 
coiiidiesker, t L have found this type of steel more difficult to machine than the type 
lifficultv a f st similar to ‘fA’? containing 2.40 per cent carbon, about 12 per cent 

. n with Brinell hardness of 260, and as difficult to machine as 


with hig! teel **A’’ with a Brinell hardness of 340. 


general I have failed to notice a relation between the Brinell 


ess and the machining characteristics of these steels. In Fig. 1 is 
the chips obtained hy machining the two types of steel referred to 
absence of a close relation between hardness and the lowering of 


is apparent. Fig. ©’ shows the microstructure of these two steels, 
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Classification of Steels According to the Persistence of Carbides. 
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rev¢ ale a 
carbon 
An 


poOsitir eC 










for 





such 









problem of machining stands the way. 
ve : } ‘ + + ] . 
Mr. Gill’s photomicrographs, I have attempted to classify these 
ding to the persistence of carbides atter hardening at tempera 


maximum 











amount 


est 





e areas. as shown in Table IT and made the tabulation (Fig. 3) 
g 


From Fig. 3 it will be seen that steel ‘‘A’’ has the greatest amount 


les and rather in large dimensions and the steels ‘£C”’ ana ** ER’ 








st Apparently the lowering of carbon and addition of vanadium 


alt results in the lowering of the amount of carbide or greater 








tion of carbides in steels containing vanadium. It seems quite 
S i ‘ to assume that the effeet of vanadiun . which is generally 
to promote greater absorption of carbides in plain carbon steels, 


Sane in this tv pe ot steel. 





uld like TO ask Mr. Gill whet] ©] oO} not i¢ has noticed any 
hetween the machining properties of these six types of steels 
e degree of carbide segregation in them which greatly vary as 















From this table you will note that the steels C and E, which have 


have also less carbide segregation, 


ion content than the steel A 





uld lead one to expect that the steels C and E would machine 
| 








thal the steel <A. In m\ experiel *( with these types of steels 
found that this is not the case and steel C is not as easily 


ble as the steel A, 





Author’s Reply to Discussion 











\l Wills’ discussion is certainly excellent and should be appreciated 
has discussed the practical side of the hardening of high earbon 

o hromium steels, particularly in reference to packing, method of 
g, ete., which the speaker purposely omitted. The amount of data 
have collected on these steels : quit arge and to tullv discuss 






practical problems involved is impossible in the scope of one 





view of the fact that very little has been previously published 


+ 


this type ot steel. | beheve th e heat fT atment, including method 






dling, annealing, tempering, ete., should be the subject of another 
n high earbon high chromium steels. 


reference to H. G. Keshian’s diséussion on machinability we all well 






that the high carbon high chromium steels are somewhat diffieul 
a ‘ T 


= 


ine, We have not noticed any re lati 1 betwee machinability and 














unt of segregate or eutectic present. \pparently, the machin 
SS dependent upon a combination of hardness and grain size. It 


s that if the grain is coarsened the steel will machine easier and 
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further if the grain is coarsened and the hardness held low mae} 


is still easier. We have softened some of the 

















steels to as low 





Brinell and at this hardness they do seem to 





machine easie) 











about 240 or 250 Brinell. Retaining a hardness of 196 B 








coarsening the grain machinability is still easier. All chromim 








machine ‘‘gummy’’; that is, there is a piling up of the materia 


cutting edge of the tool which apparently causes 





tearing and ma 








steel difficult to machine. 





In reference to M. A. Grossmann’s discussion 








on the ¢rities 





Mr. Grossmann has well expressed the 





condition which takes 
the after effect on cooling from different 











temperatures. Mr. Gi 





however, has said nothing as to the 








mechanics of this: that i 


IS 








not know what eritical points have been suppressed, You 





might ass 





that the critical points that would be suppressed would be the A 


and also the point of the changing over of the 











austenite to marti 





but he does not take into necount the earbide 





transformation and 








is excellent evidence that there is a carbide 








transformation. Now, 
whether or not the carbide transformation takes 














place at the sam 





as one of the other transformations, we do not 











know. 








In reference to Mr. Kingsbury’s discussion, steel E has a eh 








content approximately 3.50 per cent greater than any of the othe: 





und, as given in the paper, the hardening temperature necessary to 





maximum hardness was much 





greater than for any of the othe 
which will be noted on referring to Fig. 31 

















where a temperature Ot 





degrees Fahr. was necessary to obtain maximum 





hardness, while no 








steel required a temperature higher than 1850 
maximum hardness. 


degrees Fahr. to 











Therefore, as would be expected, a higher temperat 














Was necessary to obtain maximum austenization than for the 





other st 





Consequently, a temperature as high as 2150 degrees Fahr. 
steel E, 





Was used 








while none of the other steels was heated to a higher temperatu 








than 2100 degrees Fahr. It cannot, therefore, be assumed that 2100 degrees 


li 
Kahr. represents maximum austenization, since a much 











oreater deg? 











austenization was obtained at 2150 degrees Fahr. 





The statement that steels B and H could be annealed softest of 
steels was not predicated upon the results in Table IIIT but was determin 
by annealing and re 








innealing the steel at a number of different tempera 











tures and at different rates of cooling. As a matter of fact steel D 


SLeCE 














proved the most difficult of the group to obtain a low Brinell re: 








mn annealing. Steel D is somewhat different from steel A in that 





‘ontains double the nickel content of steel A. In reference to the maxin 





iardness that could be obtained, the actual figures are as follows: B—6/.4, 











great, 








H 67, A—66.4. This difference does not appear partic ularly 





there is a far greater difference in actual hardness between Rockws 











i6 and 67 than there would be between Rockwell 62 and 63. Conseque! 





is the Rockwell number increases there is a 








greater actual hardness 





each one point of Rockwell, 
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A NEW METHOD FOR HEAT TREATING HIGH 
SPEED STEEL 


By Horace C. KNERR 


d | bstrac t 


Features 0] thre method described include electrical 
eating, close temperature control wlive h mlay be made 
rutomatic, the use of a salt bath which does not give off 
runes or att ae k thre tools, prolonged container life, ab- 
sence of Turnace deterioration, comtortable work ing COnN- 
ditions, low heating cost pe r pound ot steel, and the 
ability to employ full hardening temperatures (in the 
neighborhood of 2400 degrees Fahr. ) without injury to 


finished surraces or cutting edges of high speed steel 
] 


DEFINITION 


, LLE term ‘high speed steel.’’ as used in this paper, reters to 
that group of alloy tool steels which have the property of re- 
taining their cutting efficiency at a dull red heat, ordinarily con- 
taining tungsten, chromium and vanadium as the principal alloy- 
ing elements. There are many commercial brands varying in com- 
position. A typical analysis, and one which represents the greater 
part of high speed steel used in this country, is as follows: tungs- 
ten 18 per cent, chromium + per cent, vanadium 1 per cent, carbon 


0.65 per cent. 
Uses 


High speed steel has in the past been used principally for 
tools such as lathe and planer bits which are ground to the de- 
sired form after heat treatment and frequently reground during 


service. Due to its superior cutting properties, even at ordinary 


speeds, high speed steel is finding an increasingly important appli- 


cation in a variety of finished tools such as drills, milling cutters, 


\ paper presented before the tenth annual convention of the society, 
n Philadelphia, October 8 to 12, 1928. The author, Horace ©, Knerr, 
S Washington Lane, Germantown, Philadelphia, a member of the society, 
onsulting metallurgical engineer to Ajax Electrothermie Corp., aud others. 
script received July 9, 1928. 
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thread cutters. files. hacksaws, punches, dies and the like. 


little or no final grinding may be done after heat treatment 


and 
in which it is therefore necessary to avoid decarburization or day. 
age to the finished surface or fine ecuttine edges of the tools dur- 


ine heat treatment. :. 


Fjo 
Lom * 




























Hlear TREATMENT 





Approved practice for the hardening of high speed stee! 


may 
be summarized as follows:! A 


Preheat the too] slowly and uni- 
formly to a temperature of approximately 1500 degrees Fahr. B 
Transfer to a furnace whose temperature is 2250 to 2400 devrees 
Kahr. Allow the tool to reach this temperature rapidly, hold for 
only a short time. C—Remove and quench the steel in oil or in 
an air blast, or first in a bath of molten salt or molten lead, held 
at a temperature of approximately 1100 degrees Fahr. 


afterward 
removing and quenching in oil or air. D 


Temper by reheating to 
1050 to 1150 degrees Fahr. a sufficient leneth of time (usually one 
hour or more) and allow to cool in air, 

Preheating is for the purpose of avoiding the sudden shock 
which would occur were the tools heated at once rapidly to the 
quenching temperature. Heating to the final high temperature, in 
the neighborhood of 2400 degrees Mahr., is necesssary in order to 
insure the maximum solid solution of the hardening constituents 
(carbides, ete.) in the steel. If this temperature is not high 
enough, maximum solution and therefore maximum red hardness 
and cutting efliciency will not result. There is a tendency for grain 
growth at the high temperature required in quenching with con- 
sequent embrittlement of the steel. Therefore the time at high 
temperature must be short. To obtain maximum hardening in cer- 
tain types of high speed steel, notably those containing cobalt, it 
is necessary to reach a temperature even higher than 2400 degrees 
Fahr. before quenching. 





With the purpose of avoiding damage to finished surfaces and 
edges, (such as sealing, fusing. burning, pitting and decarburiza 













ols. 
tion) which is likely to occur in the ordinary methods of heating : 
above 2300 degrees Fahr., temperatures as low as 2250 degrees ae 
Fahr. and even lower, are sometimes employed in treating finishe 
Reference: HANpBOOK, American S ty for Steel Treating, Recommended Practice | 
Heat Treatment f 1S per cent Tungsten High Speed Steel. 
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High Spee: 


Those on Right Hand Side Photo 
Degrees ni | ench) Wit t Grinding Retouching 


rp C Ed 


This cannot produce the maximum solution of hardening 
stituents. The service of the tool is sacrificed in order to save 
ITS surtace. 


SALT BATHS 


In an effort to preserve finished surfaces, and because of other 
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well-known advantages, recourse has been had to the use of 





salts as a heating medium for high speed steel tools. Sali 


adil t} 
and methods of heating, heretofore employed, have not. howe, 
operated satisfactorily at temperatures in the neighborhood of » 
degrees Fahr. The salts have not been chemically inert at 
sired quenching temperatures, as manifested by fuming. 





off objectionable vapors), chemical decomposition resulting 






















change of characteristics, attack of the container, attack o| 
steel being treated as by pitting, corrosion and so forth. ca) 
zation or decarburization of the steel, ete. On aeeount of 
attack of the furnace gases on the outside and of the salts on 
inside, the pots or crucibles have deteriorated rapidly, necessitatinoy 
frequent and expensive replacement. (It is not uncommon 
a new steel pot each day 

‘or these reasons it has not been practicable on a production 
basis, to heat treat finished high speed steel tools for maximun 
hardening even in salt baths, and lower temperatures have accord 
ingly been employed. While salt baths may have advantages ove; 
the open furnace at temperatures below those which will 


maximum solution of hardening constituents, treatment at suc] 
temperatures nevertheless cannot produce the full hardening powe) 
of the steel. 


PRESENT NEED 





There is therefore need for a liquid heating medium or bat! 
which will have satisfactory characteristics at temperatures as hig! 
as it is necessary to heat high speed steel in order to obtain maxi 
mum hardening effect, and a satisfactory means of heating th 
bath to the desired temperature without undue deterioration of th 
furnace or container. The method described herein is believed to 
have accomplished this result. 


Liguin Barr 


A new liquid bath has been developed, which shows excellent 







characteristics at temperatures as high as 2450 degrees Fahr. The 
mixture is rather viscous just above its melting point, but at tem 
peratures above 2250 degrees Fahr. it is sufficiently fluid to per 
mit strong convection currents to be set up, which assure tempe! 
ature uniformity within the container. Even at the highest tem 
peratures (e. g. 2450 degrees Fahr.), a film of molten salt adheres 


HEAT TREATING HIGH SPEED STEEI 


niece of steel when removed, proteeting its surtace from the 
ere during transfer to the quenching medium. When un 
inated from outside sourees, the molten salt is neutral to 
el. neither visibly attacking its surface nor causing serious 
rization or deearburization. There are no fumes. The cost 
lerate.° 


EXCLUSION OF OXYGEN 


(he molten salt has a strong affinity for oxygen and oxides. 
on the steel is rapidly dissolved and refractories of an oxide 

are attacked. It is therefore necessary to prevent access ot 
en to the bath. This, however, is true of other salt baths used 
at treatment at high temperatures, the absorption of atmos 

or other oxygen being a common cause of decarburization 
eh baths. The latter difficulty has been avoided by means de- 


ed further below. 
PREHEATING BATH 


Kor preheating the tools it is necessary to have a bath which 
mid below the preheating temperature, 1500 degrees Fahr., 

‘+h is sufficiently fluid at this temperature to insure uniformity 
convection, and which does not harmfully contaminate the high 
nperature bath when carried over into it as an adhering film on 
heated work. Such a bath has been developed and consists of 
modification of the high temperature bath. The preheating bath 
ts at approximately 1400 degrees Fahr. When cold work is 
nserted, a thick layer of the salts immediately freezes around the 
This melts off slowly, so that sudden temperature shock is 
prevented. The preheating bath may be contained in an ordinary 
essed steel pot, or preferably in a pot of heat-resisting alloy, cast 
pressed, The pot may be heated by gas, oil or electricity as de- 
d The salt has no noticeable effect upon the pot or the tool 


reheating temperature (provided oxygen is excluded). 


HeATING Hicgho TEMPERATURE BATH 


lleating the container for a salt bath required to operate at 
eratures in the neighborhood of 2400 degrees Fahr. for con 
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tinuous periods, has heretofore Involved serious difficulties 


ing: 


a) Attack of the container by the salt bath. 


sition products of the bath. 


a 


or by di 


b) Attack of the container by products of combustir 


n r | 
the furnace atmosphere, when electric 


heat was used 

¢) Rapid deterioration of furnace parts and lining, ine 
the resistors when electrically heated. 

d) Low fuel efficiency due to hich sensible heat in the 

ing produets of combustion when 


burning eas or oi] 
e) Difficulty of seeurine accurate temperature control. 
(f) Unpleasant workine conditions due t 


O fumes. 
heat, ete. 


SaSeS an 


In the present method, 
of the well known high 
nating current of high 


heat is venerated electrically by mean 


frequency is passed through 
copper coil. The pot or crucible to be heated is Dp 


laced Within thi 
coil, thermally and el 


‘ctrically insulated from it. 


The pot is of elec 
trically conducting material and 


acts as the secondary of 
former. It is heated by the induced electric 


Within it. Fie, 2. The source of high frequeney alternating eur 
rent may be a high frequency oscillator. in Which alternating ey, 


Cul 
rent from the ordinary 220 volt. 60 
through a transformer which raises the voltage to a point where a 
are may be drawn over a mercury bath in a hydrogen atmosphere 


A condenser connected in series with this are produces a 


effeet resulting in alternating current impulses of very high fre 
quency, Fig. 3. For units of large capacity, the required hig] 
may be produced by a motor. 


vene 


frequency alternatine current 
rator set. 


Pure graphite has been found the ideal material] for the heat- 


oxidation, it is unaffected by 
temperatures and has an indefinite life. 
terial to use as a secondary in a 
temperatures. The graphite | 
the present salt bath. 


No. 1. 


ing element. When protected from 


very high It is suitable ma- 


high frequeney inductor at such 
ot may be used as a container for 
This will he referred to herein as Method 


Or, the graphite pot or a ring of graphite. may be used to 


heat an ordinary metal pot or 


container, made for example of 


evele power line is passed 













\ 


frequency induction type furnace, Alter. 
a Water-cooled 


IS 


a trans- 


currents generated 


t 


} 
‘ 


cil 


resonance 
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High Frequency Induction Furnace for Salt Bath. 
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Fig }—Induction Furnace and Oscillator for 


Generating High Frequency Alt 
Current, 15 KVA ¢ ipacity 








same 


the Top edge 


| allowed Lo touch. ) 


face of the pot. 
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steel. set within it. This will be referred to at Method 


\Iernop No. 1—Grapruire Por AS CONTAINER 


he salt bath employed is inert to pure graphite. The outer 


of the pot is protected from oxidation by the insulating 


sial surrounding it. The inner surface, below the salt level, 
rotected by the bath. Above the level of the salt bath, the 
surface of the pot is protected by means of a rine or liner, 
h dips below the ‘‘water line,’’ thus forming a seal. 
no metal, including the tools to be 


It will be understood that 
with the hot walls of 


be allowed to come in contact 


ted, must 
vraphite pot, either above or below the surface of the bath. as 


(The 


s would result in fusion due to the absorption of carbon. 
precaution must be taken in all high temperature salt baths, 
her the pot is of graphite or of metal, since, even with metal 
s, there Is a tendency for a tool to weld to the side of the pot 
The liner must not touch the pot except near 
where the temperature is not high. An annular space 


t 
between the outside surface of the liner and the inside sur 


thick) 1s 


s lel 


The pot wall, (which is about 1 inch 


uinter-bored at its upper rim to receive the liner. This thin por 


mn of the rim extends above the level of the induction eoil, and 


s surrounded by a material of relatively good thermal conductivity, 


¢ 
NsStead 


| of the heat insulating powder which surrounds the lower 


The rim, therefore, remains at a relatively low tempera 


portion, 
see 


This prevents attack of the liner on its outer surface. 
the bath is of 


ture. 

t. The active convection currents insure that 
inilorm temperature to its top surface. 

The graphite pot has of course a strongly deoxidizing action 
ipon the bath. For example, in case of the absorption of oxygen 
the bath from the atmosphere, or by dissolving scale from the 
rrace of the steel treated, such oxygen is reduced upon contact 


(h the walls of the pot, passing off as carbon monoxide gas. 


Meriop No, 2—PRESSED Sree. Por as CONTAINER 


\ pressed steel pol ot ordinary low earbon steel may be placed 


? 


i pot or ring of graphite which serves as the inductor or 
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Vertical Section Through Furnace Showing Con-:truc 
Graphite Pot 







heating element, the latter being lined with a thin layer of non 







carbonaceous refractory material such as magnesia, to prevent car- 
burization of the pot. The outer surface of the pot is therefore 
in a neutral or slightly reducing atmosphere. Deterioration is 
consequently quite slow. The inner surface of the pot is protected 
by the salt bath, the portion above the level of the bath being pro 
tected from the air by a ring of heat resisting material. It has 
been found that a liner of high chromium steel stands up well and 
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not weld to the interior of the steel pot. When worn out, the 
liner may be replaced at small cost. Fig. 5. 


ARTIFICIAL ATMOSPHERE ABOVE BATH 


lf air is allowed to come in contact with the surface of a salt 


i, oxygen may be absorbed, which results in making the bath 


lecarburizing. The heat resisting alloys of the high chromium 
probably owe their quality in part to the formation of a 
refractory oxide of chromium. Such an oxide 


present bath and probably in other baths. 


is soluble 
The alternate 
ion and dissolvine of this oxide film at the ‘‘ water line’’ 
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would result in a gradual eating away of the shield, A} 
of atmospheric oxygen, and excessive water line attack h 
avoided by producing an artificial atmosphere above the bat] 
method of doing this consists in introducing a flame from 4 
burner at the top of the crucible, playing down upon the ba! 
See Fig. 2. 


By adjusting the mixture, the atmosphere may be mad 


neutral, slightly oxidizing or reducing at will. If slightly reduei, 
the atmosphere has a deoxidizinge ettect upon the bath. On 

other hand, if the bath is found to have a earburizing action 
by the picking up of minute particles of carbon from the wa 
of the graphite crucible, a slightly oxidizing flame will counter: 
this effect. The presence of a properly adjusted fame, filline ¢} 

opening of the crucible, has been found to reduce the erosive a 

of the bath at the ‘‘ water line’’ very greatly, thereby lengthening 
the life of the liner and minimizing attack upon the tools, the r 
or Wires used to suspend the tools in the bath and the therm 
couple used for temperature measurement. This flame also lessens 
heat losses from the surface of the bath, and helps to soften 


surface crust upon remelting the salts after a previous run 


TEMPERATURE MEASUREMENT 

















Bare thermocouple wires of commercial grade may be 
determine the bath temperature up to 2400 degrees Fahr. 
possibly somewhat higher. Small wires have been employed, ha\ 
ing no appreciable lag. Deterioration under the protecting 
mosphere is slow. The couple may be eut off and the junction r 
newed at trifling cost. A base metal couple, consisting of a tul 
ular element with the other element inside of it, welded together 
at the end or an ordinary two-wire couple within a sheath of heat 
resisting metal may also be used. 

Automatic temperature control of the apparatus and a co! 
tinuous record of temperature are possible and one or both are 


very desirable in practice. 


OpTricAL PYROMETER 






An optical pyrometer may conveniently be used to check th 


thermocouple pyrometer, since it is not subject to deterioration nor 


+ 


contamination by the bath. A tube of high chromium steel, 10 





{) 
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- Jone, closed at the bottom and having a hole about 1 inch 
ter. and a wall about 'y. inch thick, is inserted in the 
depth (about 4 inches) which insures its bottom end at- 
bath temperature. Readings are taken with the optical 
ter sighted upon the bottom of this tube. This method 
~ errors due to scum or bubbles floating on the surface 
bath. or due to the protective gas flame burning above the 


‘Black body’’ conditions are approached fairly closely in 


methods of temperature measurement described above may 


with either the graphite pot or the metal pot. 


TILTING 


the event of any aecident, such as the dropping of a tool 
bottom of the pot, or of a pot failure, it is desirable imme 
ely to dump the salts. The furnace is therefore arranged on a 
on, so that it may be quickly and easily tilted to a horizontal 
sition and the salts poured out into a pan provided for the 
rpose, as illustrated in Fig. 6. 
It is not ordinarily necessary to remove the salt after a run, 
fore allowing the pot to cool, as is done in other processes to pre 
uursting of the pot by the expansion of the salts on reheat- 
The present salts soften considerably below the melting point 
internal pressure is relieved. The bunsen flame contributes 
softening of the upper crust, The salts show little solid-to 
expansion, 


(GENERAL CHARACTERISTICS 


A 15 KVA oscillator is capable of heating a pot ap 

tf inches inside diameter with a bath about 8 inches 

This is large enough for the majority of high speed steel 
lor a larger pot a 30 KVA oscillator or a motor-generator 
used. The total maximum actual power drawn from the 

the 15 KVA outfit, is about 9 kilowatts. (Power factor be 

ut 0.60 This will bring a 4-inch pot to heat treating tem- 


IK \\ 


e, starting from cold, in about 214 hours. Approximately 
ire required to hold the pot at 2400 degrees Fahr. About 


lowatts are therefore available for heat treating steel. This 
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Fig. 6—Method of Tilting Furnace for 


Dumping Salts, Also Illustrating Si 
for 4-Ine Pot, 15 KVA Capacit Oscillator 


permits a theoretical output of somewhat over 20 pounds of steel per 
hour, the work having been previously preheated to 1500 degrees 


Kahr. Pieces ranging from ly, to a pounds have been treated 


at this rate. The overall power consumption was 0.45 KWIL per 


pound of steel, costing less than one cent per pound at a current 
charge of two cents per KWH, 


TEMPERATURE REGULATION 


Power input into the furnace is controlled by means of a hand 
Wheel which varies the spark gap and permits of rapid and close 
regulation of temperature. See Fig. 3. While automatic ten 
perature control has not been applied at date of writing, it would 
appear to offer no difficulties, involving merely the application ol 
methods and apparatus now available. 





LING HIGH SPEED STEEI 


Frees 
‘ated 
per 


‘rent 


Microsection at Exposed Surface. < 500. Upper After Quench 
After Tempering 


1 


land 
SPACE AND WORKING CONDITIONS 


The floor space required by the furnace proper is very small, 
being about 18 x 24 inches overall for a 4-inch pot. See Fig. 6. 


Additional space is of course required for the oscillator. See Fig. 


.* Workine conditions around the furnace are comfortable, the 
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outside of the furnace being at room temperature bec 


au 


water cooling. The only source of radiant heat is the a 










opening and the bunsen flame within it. The operator is 
from contact with electrical circuits. 


RESULTS 


Kinished tools of various types have been heat treated at 









to 2400 degrees Fahr. without any mark upon the surface 9] 
than a slight discoloration. Sharp cutting edges were practi 
unatfected and retained file hardness. No pitting, scale. or of 
surtace defects occurred when the treatment was properly carri 


out. There was no warping, provided of course, interna] str; 


had been removed from the tools before treatment. These 





















were quenched in oil and tempered either in a salt bath 


electric muffle furnace at 1100 degrees Fahr. for from 1 to 4 hours 
Rockwell hardness of 62 to 65 C was obtained on the surface af 
tempering. 


‘ , ry sclenr . ryy . 
SERVICE Test or TOOLS 





Drills, thread cutters, files, file cutting chisels and lathe { 


treated by this method have been tested in service. Results co. 

pared favorably with tools treated in the open furnace and groun 
and were superior to tools treated in salt baths at the customar 
lower temperatures. 


MICROSTRUCTURE 


Microsections taken at exposed surfaces and edges after treat 


ment showed no visible decarburization. See Fie. 7. 





Por Lire 


An ordinary pressed steel pot, 4-inch diameter, 12 inches deep. 
14-inch wall, has been operated at temperatures between 2300 and 
2450 degrees Fahr. for a total of 20 hours (4 heats) and is still 
in excellent condition. Graphite pots have operated without seri 
ous deterioration until destroyed accidentally. 


CONCLUSION 











While the method herein described will undoubted!) 
through a period of development and improvement, as in all nev 








Wri 
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processes, it is believed that the principles are sound and 
process offers a real advance in the art of heat treating 


ed steel. The increase in service produced by 


the more 
hardening of high speed steel tools which satisfactory 


nt at the higher temperature makes possible, should be 


irce of economies and increased production in machining op- 
and should result 


eed steel. 


in extending the field of usefulness ot 


development work was done in the Metallurgical Labor 
ry of Temple University. 


DISCUSSION 


Written Discussion: By W. Paul Eddy, Jr., 
ise, N. Y. 


Brown-Lipe-Chapin Gear 


makers find it advisable to harden 


+} 


fine-edged tools of high 
the low side of the recommended 


temperature range, in order 
dges. Others, however, use the lower temperatures for certain 
high speed steel tools, though at some sacrifice of cutting efficien \ 
sistance, in order to retain greater toughness. 


ith method of heating is undoubtedly good from the standpoint 
in that, besides being inherently fast, it is conducive to the 


nt uniform heating intervals for tools of 


oft a size and therefore 
mination of individual judgment, it reduces overheating of edges 
sections, and it provides, in the e: » of salt, protection of all 
the tools when being transferred to the quench, 
gy to the fact that salt mixtures for high temperature work are, 
vers resistant to the action of commercial cleaning compounds, 
lary to quench tools heated in 


Ton 


such salts in another 
solvent action on the 
le 


s salt quench, usually at about 1100 


lowe 
mixture which exerts a high temperature 
degrees Fahr., is not in 


ctionable—in fact, it is preferable to many but it 


to the 
rab] 


means that 
high temperature salt carried off on the work there is 
consumption of the quenching salt (the 
esults in a sludge 
bh) 


combination of the 
which settles to the bottom of the quench pot 


e that by applying electrolytic methods to the cleaning of the 
consumption of the quenching salt may be either greatly re 
ng a quenching salt inert to the high temperature salt) or 


or air quench). On the 


en 
ninated (using an oil other hand, many 
accept the salt consumption as a necessary evil of salt bath 
rely because of the protection to tool surfaces offered by the 


nie 


freque ney induction offers a 


race, 


very attractive method of 


heating a 
either pot or oven type, as well 


as a salt bath. Some salt 
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mixtures, however, are not as inert to high speed steel whe 
induction furnace as when heated in a gas or oil-fired fur 
be due to electrolytic actions set up in the bath Iyy eleetric 
sulting from incomplete absorption of energy by the bath « 
































difference between the losses of metal incurred by fuel and in 
ing, while requiring rather precise comparison to measure, 
large. Preliminary tests with Mr. Knerr’s new salt mixt 
indicate that loss of metal from the work in the induction 





larger than has heretofore been expected in fuel-fired salt bat! 
The Ajax-Northrup high 


spite of considerable earried 





type ot frequency 
off thi 


very efficient and inexpensive to operate. 


Induction 








heat being in cooling 


Mr. Knerr’ 


overall power consumption in heating tools are attractively | 





tionably 


























heating of various salt mixtures and muffles. 





were occasionally discouraging; but, in 


«re , 
yenel 


As mig! 


al, 


it 


| { 


SuCcet ssful 


Xx] 


} 


lo 
however, one seldom attains the theoretical. 

Through the co-operation of the company with which the 
associated and Ajax Electrothermice Corp., the writer has bee) 
duct, during the past vear and a half, a number of experiments « 





induction heating to high speed steel hardening has been surely 





















































the line. 


Fahr. 


from 











with 


degrees Fahr. from room temperature, in 60 minutes, drawing 2: 


To hold the temperature of this bath constant 


) 


Inasmuch as larger containers (6 to 10 inches in diameter) tha 
scribed in Mr. Knerr’s paper were used, and as power was coi 
either a 35 kilovolt ampere oscillator or a motor-generator 
of interest to give briefly a few typical results. 

Using a pressed steel cylindrical container, with 4 inch 


inside diameter and 11 inches deep, and obtaining power throug! 


1 


wroee 
yrees 





the 


container 


uUnCOYN ered 


required 


14% 


kilowatt 





bath was 91, inches deep. 





At another time, with practically the same setup, a bath 10 


melted Fahr. 








was and heated to BB5 


y() 





St) 


LTTeeAS 
degrees 





kilowatts. 








Again, the time to melt and heat 
16 110 
that a a quench 
10 16 


melted and heated to 1150 degrees Fahr. in 130 minutes, using 








Fahr., using 
It 


a pressed steel containe 


kilowatts, 
he 


was minutes. 





may also noted 12 inch deep bath of 








inches in diameter by inches 





volt ampere oscillator, high temperature salt was melted and heat 


minutes, di 


a 10 inch deep bath to 225 





ampere oscillator drawing 11% kilowatts, and that 5% 








kilowatts he 























efficiency of electrical coupling between coil and container 


the load. 





more nearly complete energy absorption by 





‘ars, 


from the data given above, that a 35 


kilovolt 








and 


Nevertheless 


bath at a constant temperature of 1805 degrees Fahr. 

Lest there appear to be discrepancies between the above 
those given in the paper under discussion, it should be understood 
Knerr, in his later work, has undoubtedly been able to improv 


ampere os illat 
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rh temperature and the quench bath men 


baths simultaneously from cold to their 


s within a reasonable time (about two 


4. 


« 
t 
t 
t 
t 
r 
t 
t 
t 
i 
t 
t 
t 
t 
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t 
‘ 
t 
k 
t 
i 
t 
r 
t 
t 


t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 


um power obtainable from such a convertor depends on 


under favorable conditions amounts to abottt 27 kilo 


atures reported above represent observations taken with 
couples whose hot junctions were, in every case, about 3 
he bottoms and approximately halfway between the = side 
the bath containers. 

ch of the general lavout in cross-section, The only 
ence between this and Figs. 4 and 5 in Mr. Knerr’s paper 
coil in Fig. 1 is above the level of the bath surface 

na level with the top of the container. 
beheves that Mr. Knerr’s remarkable paper begins a new 


vress along the lines of electrical heat treatment of metals. 


Written Discussion: By 8S. C. Spalding, Haleomb Steel C 


7. Dus Svracuse, 

be congratulated on this paper which is on a sub 
h timely interest to so many of us. I believe we all will agree 
is need for better methods for high speed steel hardening. 
graduated from the blacksmith forge fire to the oil and gas 


ty 


urnaces there has been quite a period of practically no prog 
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OR 
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roughly 








ool, then it appears that this process represents a 


Oral Discussion 
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Author’s Reply to Discussion 


Agi 


al 


cher 


THE 








\ 









‘YT been 


as 


In the first place, | would 


vhich 


mechanical 


should the Oy rato fail to replace the salt soon enough, 


| 
out 
‘ked 


have bee 
13,000 


in an 


aluable 


very 


loss 


that 


ot 


disc Ove 


heating taking place in the steel itself? 


is, 


n advised 
tons of 
ther way. 


is being heated? 


the 


res Liquid bath methods have been tried off and on during 
vith rather indifferent sueeess, the main e@ause of failur 
limitations of the pot or container which has made it impos 
the hardening at temperatures much over 2200 degrees Fah: 
unquestionably too low. “There is also some indication wit 
vear of the development of a successful electric carbon resist 
| believe that the liquid salt bath however offers a most attract 
if it can be suecessfully worked out. Some of the difficulties to b 
are obtaining a bath whieh will be inert to the steel, one wl 
vaporize too readily at these high temperatures, and a pot whi 
an reasonable life \ll these points the author states his method 

We sincerely hope that he has and that he will soon put 
ment on the market in a commercial way. 

Written Discussion: By A. H. Kingsbury, Crucible Steel © 
en, Atha Works, Harrison, N. J. 

So far as my experience has shown, this method is new 
and possibly may be the long sought answer to many of the si 
lems confronting the hardener of high speed steel, 

Under the heading ‘* Results,’’ the author claims that this 
not result in warping. Assuming by warping that he means no 
change had occurred in the original alignment of the axes of th 
has been quite clearly established that the proper method of heat 
open fire will result in no warping. 

To those who are direetly connected with the hardening of 
steel, it will undoubtedly be of considerable interest to know 
not form or threading tools, hardened by this process, have been 
to test by the Comparator or some similar method. If they have, 
found that on hardening no change has taken place in the fo 


1 


mechanism of heating, does the graphite she 


steel 


N 


} 


“| 
‘ 


protective lip, how soon would the complete furn 





interesting 


the oscillations, particularly wh« 


any prominent harmonics come in the same spectrun 
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1y,} 
ph 
Knolar | ll 
mngland uses 


written rune 


subject 


Lh 


questrons, eng 


Ost illator, the fre que) 


30 thousand 


motor-venel 
lowell treque 
thre TOOL Or Irs inside 
of importance, Direet 


does not act uniformly 


ried out mechanically 
‘placed from time to : are this can 
to the operator even while ath is hot. This 


not absolutely fool-proof, nor d hink any 


iting high speed steel is. lf the operator lets the salt 
shield 


not know how long the pot will last without the shield, 


attack will then begin on the pot and pot life will 


not last as long as with the shield, that is what the 


his written discussion, has brought out a number oft 


> 


method, which were not included in the paper because 


damental difference between Mr. Eddy’s ang , shown 
l, and the author’s, shown in Figs. and f the paper, 
he fact that Mr. Eddy used a steel pot to ser simultaneously 
and container for the salt bath. Tests made by the write: 
resistor of graphite to be much more efficient than steel at the 


employed. This resistor may be used the as container 


shown in Fig. 4, as a source of heat for the steel pot 


os 


ration of flux to the interior of a graphite shell is shght. 
steel pot acts as an additional shield. Therefore no trouble 
occurs in a tool which has been preheated before placing 
emperature bath, since the tool is made non-magnetic in 
g process. This would avoid the electrolytic attack by the 
to induced currents, mentioned by Mr. Eddy. 
respect to the removal of adhering salt after oil 


ition has bec hi found which readily accomplishes 








TRANSACTIONS OF THE A. 8. 8. T 









The theoretical figures for power consumption and |] 











mentioned in the writer’s paper were checked by actual p) 


stated under ‘‘General Characteristics’’ in the paper. Mr. ] 














| 
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sul 





for heating rates when using a steel pot as 


resistor with 








oscillator, are exceedingly interesting, especially in view of 














a graphite resistor has been found much more efficient than 











and will therefore heat up more quickly and afford a ate 


orr'¢ 


pounds ot steel treated pel hour. 








His plan of running both the high temperature bath and th 





bath from the same oscillator appears to present 





Some compli: | 











respect to the method of te mperature control. The writer believes 





preheating bath could be operated more efficiently by means 





vendent electrie resistance furnace or a gas fired furnace, and 
| 


} 
= allt 





and more satisfactory control would be obtained by regulating 





separately. 





Mr. Kingsbury mentions the question of warping and of 


= 





of thread cutting tools after treatment. When long tools of small 








are Usui 





such as drills, are heated in a fuel fired furnace, they 





horizontally. This contributes to warping. In the salt bat! 





they are suspended vertically, which tends to avoid warping. 


tests of thread cutting tools made by Mr. Eddy showed 








less 














thread form than obtained by him with previous methods. 











It is the writer’s hope that this method will be dev 








commercial state within a reasonable time, but it will be 








necess 





course, to continue through a _ preliminary stage, including tl 











heat treatment of a variety of tools, in reasonable quantities 

















varying conditions, before the method can be said to be finally est 





The co-operation of those interested in this work will be welcon 
appreciated. 






Editor’s Note: Following Mr. Knerr’s presentation of hi 


is } 











fessor W. B. Hall of Yale University presented a discussion dea 








the subject of hardening high speed steel. The discussion, h 














not discuss Mr. Knerr’s paper directly, has been withdrawn 











presentation as a separate paper. Messrs. R. M. Keeney and A 


articipated in discussion of Professor Hall’s contribution. 
| 











scribed another furnace for the same application, and inasmuch as 


CUTTING QUALITIES OF AN ALLOY STEEL AS 
INFLUENCED BY ITS HEAT TREATMENT 


By O. W. Boston AND M. N. LANpIs 
Abstract 


The results of a series of ¢ xperime nts made in an 

avor to determine the value of four methods of 
mating a machinability rating of an S.A.E. 6140 
unde yr various heat treatments are prese nted. The 
ing qualiti Ss are expre ssed in four ways: a cutting 
find as nt lue need by the tool late and finish Set ured 
observed while a turning tool was cutting under 
indardized conditions, thre torque and thrust of a Oy 
ch drill cutting under stundardized conditions as meas- 
ed ona drill dynamometer, and the time of a V4, inch 

ill to penetrate 4 of an inch while cutting under 
tandardized conditions. 

The materials were given a number of single and 
double heat treatments so as to obtain various annealed 
‘uctures, as well as various degrees of spheroidizing, 
n which the pearlite is divorced into its constituents, 
errite and Cee ntarte 
It as shown that pure annealing does not giwe the 

hest machining qualities, but that steels cut best when 
thie sphe roidizing is gre atest. 


| ‘HE et of this paper is to present the results of a series 


of experiments made in an endeavor to determine the value 
four methods of estimating a machinability rating by use of 
S.A... 6140 steel a various heat treatments. 
The cutting qualities are expressed in four ways: the cutting 
ng, drill torque, drill thrust, and drill penetration. 


Tue MareriAL TESTED 


The material used in these experiments consisted of a number 


tferent bars of open-hearth, chromium-vanadium steel con- 


aper presented before the tenth annual convention of the society, 
Philade Iphia, October 8 to 12, 1928. Of the authors, who are members 
ety, O. W. Boston is a of shop practice at the University of 
{nn Arbor, Mich., and M. N. Landis is a member of the firm Landis 
lis, metallurgists, of Sines. Manuscript received July 2, 1928 


—_, 
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forming to the specifications S.A.E. 6140. The chemical] 
of each test bar is shown in Table I. These steels are divid 


two main lots, ealled A and B. 


= tt 


Lot A consists of two distinct analyses; bars 237, 246. 95) 
and 255 have higher carbon, manganese, phosphorus, sulphur, ang 
chromium contents than bars 238, 248, 252, and 256. 


5. 22 


Both. how. 
ever, have rather high carbon content for S.A.E. 6140. The + 
were run in parallel in treating them. 













Lot B consists of a number of different steels, but again they 
are closely allied in their analyses and it is doubtful if the tek 
differences have entered very considerably into the various cutting 
results. 


Hear TREATMENTS EMPLOYED AND THE STRUCTURE OBTAINED 


The heat treatments used in these experiments are listed jin 
Table II in the order in which they were conducted. 

The various temperatures generally accepted for treating 
steel of this type are as follows: 





For normalizing: Heat to 1650-1750 degrees Fahr. 









Cool in air 
Kor quenching : Heat to 1550-1650 degrees Fahr. 
Quench as desired 
For machining: Reheat to 1250-1350 degrees Fahr. 
after normalizing 


As the carbon content of the steels was near the top of the 







range for S.A.E. 6140 steel, and in the absence of critical point 
determinations, the lower normalizing temperatures, namely 1650 
and 1550 degrees Fahr., were chosen. The temperature range 









listed as desirable for machining purposes was thought to be low, 
so a range of 1400 to 1475 degrees Fahr. was arbitrarily chosen. 
As it was desirable to have a steel available for machining, 
the procedure consisted of single and double slow cooling treat- 
ments. The single treatments were for the purpose of obtaining 
an annealed steel and the double treatments to obtain a spher- 
oidized steel. It was assumed that the treatment giving the great 
est divorcement of the pearlite into its constituents ferrite and 
cementite, spheroidizing, would give the best machinability. 
Photomicrographs of all the steels tested, with their heat 





















. ALLOY STEEL 


nicrographs of S. A. E. 6140 Steel. Fig. 1—Bar 237. Heat Treatment, as 
Structure Shows a Semispheroidized Condition. Cutting Rating, Good (90 Per Cent). 


Bar 238. Heat Treatment, as Received. Annealed Structure of Ferrite and Pearlite 
cally no Divorcement of Pearlite. Cutting Rating Very Poor (40 Per Cent). 
ir 246. Heat Treatment No. 1. Annealed Structure with Slight Tendency to 

liz Cutting Rating Poor (50 Per Cent). Fig. 4—Bar 248. Heat Treatment No. 1. 
led Structure with Less Tendency to Spheroidize than No. 246. Cutting Rating Poor 
r Cent). Fig. 5—Bar 251. Heat Treatment No. 2. Structure Shows Material has had 
s Treatment, as it Shows a Slight Spheroidizing. Cutting Rating Poor (50 Per 
Fig. 6—Bar 252. Heat Treatment No. 2. Structure Shows More of True 


Anneal, 
g Rating Poor (50 Per Cent). All Photomicrographs X< 100. 
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Photomicrographs of S. A. E. 6140 Steel. Fig. 7—Bar 255. Heat Treatment N 
Structure Shows Semispheroidized Condition. Cutting Rating Good (90 Per Cent). Fig. 8 
Bar 256. Heat Treatment No. 3. Structure Shows Semispheroidized Condition Slight 
More than No. 255. Cutting Rating Good (90 Per Cent). Fig. 9—Bar 281 Heat 
Treatment No. 4. Structure Shows Drawing Lines and Slight Spheroidizing. Cutting Rating 
Poor (50 Per Cent). Fig. 10—Bar 282. Heat Treatment No. 4. Structure Shows Mor 
Spheroidizing than No, 281, but the Drawing Lines, or Banded Structure from Drawing, ar 


in Evidence. Cutting Rating Poor to Fair (60 Per Cent). Fig. 11—Bar 283. Heat 
Treatment No. 5. Structure Shows Banded Structure of Drawing with the Start 
Spheroidizing. Cutting Rating Very Poor (40 Per Cent). Fig. 12—Bar 284. Heat Treat : abse: 
ment No, 5. Structure Very Similar to No. 283, with the Spheroidizing Carried Somewhat ne 
Farther. Cutting Rating Fair (70 Per Cent). All Photomicrographs x 100. 


CUTTING QUALITIES OF AN ALLOY 


Table I 


Chemical Analyses of the Alloy 
Steels, S.A.E. 6140 


Chemical Analyses, Per Cent 
Carbon Manganese Phosphorus Sulphur Chromium Vanadium 


0.48 0.76 0.016 0.021 0.95 0. 
0.47 0.73 0.014 0.018 .93 0. 
0. 0.76 0.016 0.021 95 O.1E 
0.47 0.73 0.014 0.018 .93 0.15 
0. 0.76 0.016 0.021 .95 0.15 
0.73 0.014 0.018 .93 O.1! 
0.76 0.016 0.021 95 0.15 
0.73 0.014 0.018 .93 
0.65 0.015 0.023 05 
0.63 0.016 0.020 .05 
0.6: O15 0.023 .05 
0.65 .016 0.020 .05 
0.65 .015 0.022 .06 
0.63 .0O15 0.023 05 
0.63 .016 0.020 .05 
.O15 0.016 .03 
.013 0.014 .06 
.014 0.020 04 
015 0.022 .06 
.016 0.020 .05 
.015 0.022 
.015 0.022 
O15 0.023 
.016 0.020 
015 0.023 
.O15 0.023 
.014 0.020 
.O15 0.023 
O15 0.023 
0.015 0.016 
0.60 0.015 0.016 


treatments listed by number according to Table II are shown in 
igs. 1 to 31, inelusive. <A brief discussion of each structure is 


civen primarily to show whether they are spheroidized or an- 


nealed, as this is the essential difference between them, each hav- 


ing been given a slow cooling treatment. The cutting rating is 
also indicated for each steel. All samples were etched with nitric 
1 « 


acid and are shown magnified 100 times. 


THe MpecHANICAL TESTS 


The mechanical tests used in these experiments were confined 
‘cutting rating, the drill torque and thrust, drill penetration, 
Brinell hardness number. 

The cutting rating is expressed in per cent. This cutting 
ng depends on the shape of the chip of a lathe turning tool, (the 
unt of material eut, and the conditions of the cut surface) as 


observed under actual cutting conditions. The cutting speed was 
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Table II 
Heat Treatments Given the 
Alloy Steels, S.A.E. 6140 








Heat Treatment 










Heat to 1650 degrees Fahr. and cool in furnace to 1400 degrees Fahr 
2 Heat to 1650 degrees Fahr. and cool in furnace 

3 Heat to 1650 degrees Fahr. and cool in furnace 

Reheat to 1475 degrees Fahr. and cool in furnace 

















4 Heat to 1650 degrees Fahr. and cool in air 
Reheat to 1500 degrees Fahr. for 3 hours and cool in furnace 

5 Heat to 1550 degrees Fahr. Hold for 4 hours and then cool in furnace 

6 Heat to 1425 degrees Fahr. Hold for 8 hours and then cool in furnace 

7 Heat to 1550 degrees Fahr. Hold for 3 hours and then cool in furnacs Ther 
drawn with 1/16 inch draft 

8 Heat to 1650 degrees Fahr. Hold for 1 hour and air cool. Reheat to 1400 dee 

Fahr. and hold for 12 hours and cool in furnace 

9 Cold drawn stock as received 

10 Heat to 1550 degrees Fahr. and cool in furnace. Reheat to 1425 degrees Fa 
hold for 3 hours, then cool in furnace. 

11 Number 10 cold drawn with 1/16 inch draft after heat treatment 










150 feet per minute, the depth of cut was 14 inch, and the feed 
was 0.080-inch per revolution. The test was made dry and cutting 
continued until the tool was destroyed. The cutting was rated as 
follows: 


Per Cent 







Very good = 100 
good = 90 

fair to good = 80 
far = 70 

poor to fair = 60 
poor = 50 

very poor = 40 












These values are, of course, based upon the judgment of the ob- 
server and may or may not represent that which it is supposed to. 

The drill torque is expressed in foot-pounds and the thrust 
is expressed in pounds. The values were obtained in these ex- 
periments by drilling the material on the end, that is, parallel to 
the axis of the bar. The drill used had a %4-inch diameter and 
was made of high speed steel. It was rotated at 152 revolutions 








per minute and had a feed of 0.012 inches per revolution. The 
drill was ground on a Blau drill grinder and had a clearance angle 
of 3 degrees 48 minutes, and a flute helix of 30 degrees. All tests 
were conducted with the one grinding and the drill appeared t 
be in very satisfactory condition at the end of the tests, as tests 
made at the beginning could be checked after all drilling tests wer 
completed. 
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tomicrographs of S. A. E. 6140 Steel. Fig. 13—Bar 285. 


onsiderable Spheroidizing but Rather Dense Structure. 


izing, Only More Coarse-Grained than 272. 


CUTTING QUALITIES OF AN ALLOY STEEL 


Heat Treatment No. 6. 
hows Considerable Spheroidizing with Structure not Quite so Dense as No. 286. 
ting Fair (70 Per Cent). Fig. 14—Bar 286. Heat Treatment No. 6. Structure 


Cutting Rating Fair (70 
Fig. 15—Bar 287. Heat Treatment No. 6. Structure Very Much the Same as 
Cutting Rating Fair (70 Per Cent). Fig. 16—Bar 272. Heat Treatment No. 7. 
Shows Very Little Spheroidizing with the Banded Effect from Cold Drawing Very 
Cutting Rating Fair (70 Per Cent). Fig. 17—Bar 273. Heat Treatment No. 7. 
Shows Considerable Spheroidizing. Cutting Rating Fair to Good (80 Per Cent). 
Bar 274. Heat Treatment No. 7. Structure Very Much Like 272 with no 


ate 


Cutting Rating Poor (50 Per Cent). 


“= 


micrographs xX 100. 
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Photomicrographs of S. A. E. 6140 Steel. Fig. 19—Bar 277. Heat Treatment No 
Shows Spheroidized Structure Quite Well Developed. Cutting Rating Fair to Good or 
Perhaps Good (85 Per Cent). Fig. 20—Bar 278. Heat Treatment No. 8.  Structur 
Partially Spheroidized with Banded Structure of Drawing in Evidence. Cutting Rating 
Fair (70 Per Cent). Fig. 21—Bar 280. Heat Treatment No. 8. Structure Shows 
siderable Spheroidizing, Although Rather Dense. Cutting Rating Fair (70 Per Cent). |! 
22—Bar 275. Heat Treatment No. 9. Structure Shows Excellent Spheroidizing. Cutting 
Rating Good (90 Per Cent). Fig. 23—Bar 276. Heat Treatment No. 9. Shows a! 
Annealed Structure with Practically no Divorcement of Pearlite Into Ferrite and Cementit 
Cutting Rating Very Poor (40 Per Cent). Fig. 24—Bar 279. Heat Treatment N 
Structure is Somewhat Granular or Spheroidized, but is not Sufficiently Open. © 
Rating Poor (40 Per Cent). All Photomicrographs x 100. 
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‘he drill press on which the torque and thrust values were 
irill with a 5-horsepower motor mounted on the back of the 

mn. On the table was mounted a specially designed dynamo- 


ned was a short belt-driven Colburn No. 2 manufacturing 


- of the hydraulic type which would permit the torque and 
rust to be registered automatically on a nearby Bristol reecord- 
ave. The torque values were also registered on a mercury 
imn gage for check purposes, the seale of which was larger 
in that permitted on the Bristol gage chart. 

The drill penetration for these experiments is expressed in 
minutes and is the time required for a 14-inch standard high speed 
steel twist drill, having a helix angle of 30 degrees, a clearance 
nvle of 4 degrees 42 minutes, to penetrate the material 14 inch. 
The drill was rotated at a speed of 504 revolutions per minute 
inder a dead load, including the weight of the spindle and drill, 

93.6 pounds. A special drill press for this purpose was used. 
The 14-inch depth of penetration was measured by using two beam 
type indicators which were attached to a Vernier surface height 
cage, so that their points were exactly 14 inch apart vertically. 
\ stop watch was started when the first indicator read zero and 
stopped when the second indicator read zero. The lower edge of 
the drill sleeve was ground flat and smooth and served as a ref- 
erence surface. 

All penetration tests were run with one drill grinding. All 
materials were tested in turn once, and then tested in the same 

er the second and third times without regrinding the drill to 

‘the influence of the dulling of the drill. It was desirable to 
lake all tests with one drill grinding, as it was found almost im- 
possible, in preliminary tests, to grind a small drill twice alike, 
even though a machine grinder was used. The dulling of the drill 
during the three sets of test was thought to be negligible, as the 
average of the three, or in some cases more, tests did not differ 
rom the one most divergent by more than three per cent in any 


ase 


? 
i] 


Brinell hardness numbers were also obtained for each ma- 


il, in which the 3000-kilogram load was used with the 10-milli- 
ter ball. 


EXPERIMENTAL DATA AND DISCUSSION 


I'he physical properties of all bars as indicated by the several 
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Photomicrographs of S. A. E. 6140 Steel. Fig. 25—Bar 352. Heat Treatment No. 1 
Structure Shows Considerable Spheroidizing, with Some Evidence of Banded Structur 
Fig. 26—Bar 353. Heat Treatment No. 10. Structure Same as 352. Fig. 27—Bar 364. He 
Treatment No. 10. Structure Shows Evidence of a Full Anneal, but not Much Spheroidizing 
Cutting Rating Fair to Good (80 Per Cent). Fig. 28—Bar 427. Heat Treatment No. 11 
Structure Shows an Anneal, but Practically no Spheroidizing. Cutting Rating Poor (4 
Per Cent). Fig. 29—Bar No. 428. Heat Treatment No. 11. Structure Shows an Annealé 
Condition, but it is not Spheroidized. Cutting Rating Poor to Fair (50 Per Cent). Fig 


30—Bar 429. Heat Treatment No. 11. Structure About Same as No. 427. Cutting Rating 


Poor (40 Per Cent). All Photomicrographs x 100. 
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‘ig. 31—Photomicrograph of S. A. E. 6140 Steel. Bar 430. 
Heat Treatment No. 11. Structure Shows Considerable Spheroidiz 
ing, Although it is not Complete. Cutting Rating Fair to Good 
(80 Per Cent). X 100. 


tests are tabulated opposite each bar number in Table III. The 
diameter of the test bar is also indicated, as it was thought this 
might possibly have some influence on the experimental data. 

The physical properties, consisting of Brinell number, drill 
penetration, drill torque, drill thrust, and cutting rating, as listed 
in Table III, are plotted over the bar numbers in the order given 
in Fig. 32. The average of all the physical properties of all bars 
for each heat treatment are plotted over the heat treatment num- 
ber in Fig. 33. In this ease, the steels of lot A, having the higher 
arbon content as listed in Table I, consisting of alternate bars No. 
237, 246, 251, and 255, are shown plotted over their respective heat 
treatments first, after which are shown the lower carbon steels. 
Nos. 238, 248, 252, and 256, over their heat treatments. It is to 
¢ noted that bars 237 and 238 have the same treatment, as is the 
ase with bars 246 and 248, ete. For the lot B steels, the physical 
properties of all bars for that heat treatment are averaged. 


In Fig. 34 are plotted the same values as shown in Fig. 33 
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Fig. 32—Curves Showing the Physical Properties of S. A. E. 6140 Steels, Lots A ar 
B, as Listed in Table III. These are .Plotted Over the Bar Numbers. In All Curvy 
Penetration is Measured in Minutes per 4 Inch Depth. 
















except that the heat treatments have been arranged in decreasing 


order of Brinell numbers for the two steels of lot A a for those 
of lot B. In Fig. 35 are plotted over the heat treatment edie, 
arranged in decreasing order of Brinell numbers, the average of 


the two best values of each property for each heat treatment. In 
other words, the most divergent value of each test for a given heat 
treatment was discarded. 


DISCUSSION OF RESULTS 


In Fig. 32 where the physical properties for each steel as 
listed in Table III are plotted over the bar number and the bar 
numbers grouped for the heat treatment number, it is seen that in 
many instances the physical properties for a given heat treatment 
number vary for the different steels. This might be expected in 
the first five heat treatments, that is, ‘as received’ to ‘4’, inclusive 
because the bars grouped together for a given heat treatment vary 
slightly in chemical composition. This is not so true, however, 
for the heat treatments 5 to 11, inclusive. The steels of lot A 
average about four and one half points higher in carbon conte! 
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Table III 
Physical Properties of the 
Alloy Steels, S.A.B. 6140 
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those of lot B, and it might be expected that the steels of lot 

would machine with more difficulty. This is indicated in Fig. 
n that the Brinell numbers of lot A, with the exception of 

ose for heat treatment 3, bars 255 and 256, are higher than those 
B, heat treatments 9 and 11 excepted. 

The drill penetrations of the lot A steels, Fig. 32 are shown 

onsistently higher than for those of lot B. This comparison is 

possible with the thrust and torque, in that only bars 237 and 

t lot A were available for torque and thrust tests. 

(here seems to be no evidence of prevailing influence of the 

treatment on the Brinell, penetration, thrust, or torque values. 


St 


data differ at times within a single heat treatment more 
etween two steels of different treatments. 


e cutting rating values also vary less in some instances be- 





TRANSACTIONS OF THE 


silieniasipeiiania tinal —+ 


Meat Feotnent=Astecd: I 7 8 


Fig. 33—Curves Showing the Average of All the Physical Properties of 
Each Heat Treatment Plotted Over the Heat Treatment Number S. A. 
Lots A and B. 
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Fig. 34—Curves Showing the Average of All the Physical Properties of All Bs 
Each Heat Treatment Plotted Over the Heat Treatment Number, But Arranged in D: 
Order of Brinell Number for Each Group. S. A. E. 6140 Steels, Lots A and B. 
Values Plotted for Lot B are Averages for All Bars of Each Heat Treatment. 
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eels of different heat treatments than between those of 
treatment. Such examples are seen for heat treatments ‘as 
57.9, and 11. The cutting rating curve, however, does 
to vary inversely with the Brinell number curve, as when 
Ryinell number is high for a steel. the cutting rating value is 
This seems gvenerally true for isolated steels or steels of the 

-eatment, such as, for example, No. 11. 
When the cutting rating value for a steel is compared with the 
nt of spheroidized structure of that steel as determined from 
p otomicrograph, it is seen that a close relation exists between 
o. That is, the greater the spheroidizing, the higher the cut- 
o. Steels with practically no spheroidizing are Nos. 238 


9 959 Fig. 6, 274 Fig. 18, 276 Fig. 23, 364 Fig. 27, 427 Fig. 


198 Fig, 29, 429 Fig. 30, all of which, with the exception of 364, 


low cutting ratings. On the other hand. those steels showing 
fair to 2ood spheroidized structure. such as 237 Fig. 1, 955 Fig. 
56 Fig. 8. 273 Fig. 17, 277 Fig. 19, 275 Fig. 22, and 430 Fig. 31, 
w cutting ratings of high value. 

In Fie. 33 are shown the averages of each test for all steels 

ach heat treatment, plotted over the heat treatments as ab- 
ssas. The actual experimental values from the tests are plotted 

each material for lot A, because only one steel of each an- 
lysis was available for each heat treatment. The values plotted 


ey t} 


he treatments for the lot B steels are averages. From these 


es. it is seen that the penetration curve varies almost directly 
the Brinell curve, steel 255 excepted. 
The eutting rating eurve appears to be the inverse of the 
Brinell hardness number curve, as where the Brinell number is 
| the cutting rating is high and vice versa. 
The torque and thrust curves do not seem to throw much light 
the question of machinability as influenced by the various treat- 
ents. The low point for heat treat 7 is based on one steel No. 274, 
only one available for torque and thrust tests because of the 
ll size of the piece. 
In Fie. 34. the values shown plotted in Fig. 33 are replotted 
-the heat treatment numbers, but are arranged in decreasing 
r of the Brinell number for each group. 
Lot Al. consisting of bars 237, 246, 251, and 295 of Table I, 


+h have a carbon content of 0.48 per cent, show that the penetra- 
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tion and cutting rating curves are similar. Both the penetr 
cutting rating are low for bar 251, which, as illustrated " 
9, Shows that the material has had a previous treatment. 

a slight spheroidizing is evident. 

Steel 246 has a low cutting rating, but slightly hig} 


tration, and as shown in Fig. 3, the structure has only 


os 


Penerrarion <_| 


Fig. 35—Curves Showing Physical Properties of Lot B Steels 
Plotted Over the Heat Treatment Numbers Arranged in Decreasing 
Order of Brinell Numbers. Note: Values Plotted are Averages 
of the T'wo Best Values of Each Heat Treatment. 












tendency to spheroidize. Steel 255 has a high chip rating and re 













latively high penetration, and as shown in Fig. 7, the structure 
shows a semi-spheroidized condition. Steel 237 shows a conditio1 
similar to that of 255, that is, for a semi-spheroidized condition, 
Fig. 1, the cutting rating and penetration are high. 

The relation between the spheroidized condition and the cut 
ting rating and penetration are not so favorable, however, for th 
Lot A, steels, as indicated in Fig. 34. The penetration is highest 
for steel 248 which has a low eutting rating and is lowest [or t! 
group for steel 256 which has the highest cutting rating. Steel 245 
has a slight spheroidized condition, while steel 256 has a semi-spher- 
oidized structure. 
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‘or lot B. Fie. 3, the spheroidized structure is best for heat 


numbers 10, 6, and 8 in the order given. The chip rating is 


The penetration for treatment 10 
hest and is relatively high for 6 and &. 


for these treatments. 


The Brinell values 
hese treatments are the lowest of the group. 

lhe average of the two best test values of each heat treat- 
of the lot B steels are plotted over the heat treat numbers in 


»-) 


Again. the heat treatment numbers are arranged in de- 
sine order of Brinell numbers. 


ne 


It appears that the cutting 


increases with a reduction in Brinell number. This same re- 


tion seems to hold in Fig. 35 as well as Fig. 34 for the penetra- 


n and torque curves. The thrust curve seems to be of little 


in determining the machinability quality. 


CONCLUSIONS 


It appears from the above results that a pure annealing does 


vive the best machining qualities. It appears that where the 


test divorcement of pearlite into its constituents, ferrite and 


mentite, that is when the steel is spheroidized, the machinability, 


indicated by the chip rating and drill penetration, is highest. 
‘drill torque, also, seems to increase as the machining qualities 
he materia! are improved, while the drill thrust apparently has 
relation to the machining qualities. 


DISCUSSION 

Written Discussion: By A. L. Davis, Scovill Mfg. Co., Waterbury, Conn. 
I} large amount of careful work 
sts, and in the presentation of results. 
without 


is paper represents a in the execution 
An adequate discussion is im 


personal examination of the specimens under the micro 
and without having had the opportunity to note the condition of the 
ol at the end of each test. 

The conclusion of the authors that ‘‘drill torque increases 


course, intended 


as the ma 
ng quality improves’’ is, of as tentative only. The 


torque corresponding to the five specimens showing the highest 


‘en 


g-rating (average 85) is 26, as against 


the 


an average torque correspond 
6 specimens showing the lowest cutting rating (average 40) of 
This difference between 24 and 26 for torque is not great when we 
ler the variation between individual tests. Therefore I feel 
should be held open till further evidence is available. 


“fi 


udy of the tests shows that the cutting rati 
a 


that this 


ig of the specimens is 
y proportional to the Brinell hardness, excepting for five notable ex 
tio These exceptions are bars 25 


“uv 


5. 


2, shown by micrograph Fig. 6, and 
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+0 respectively, which is a lower rating than would be 


of Brinell 
Fics. 1, 2 
would be 


explain 


and betwee 


9 show n 





by 


hardness; 


and 


—9 


judged on a 


the following table. 
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micrograph 


these discrepancies. 
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Fig. 


which have a much higher cutting 


The pr 


( { drawn 
x 2» (Anneal 
As received 
(Anneal ) 
Cold drawn 


orn 
~ 


This discrepancy between Brinell hardness 
the 


which 


io, and 430 


Br 


and bars 237, 275 
31) all of 

basis of their 

The te 


sts 


eutting rating is partially explained by 


as fully explained as would be desirable. 


it would 


particular 


structural difference as between each of the two pairs. 
the original micrographs and other data on record do cover this 


fully, but the published photomicrographs in the preprint of the 


not show 


9 


numbers 


Nothing in the above remarks is to be construed as a lack of a 


tion for 


Landis. 


anyone who has had practical experience in machinability tests. It mus' 


be a matter of satisfaction to the authors to have made the progress 


report. 


be 


bars 


that 


a sufficiently marked difference, for example, betwee 


the 


lottenburg. 


Having read the report 


stand the 


remark 


with 


Written Discussion: 


on 


more 
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achievements 


page 


with one drill grinding 


My researches showed a distinct difference within the diagrams 


view 


By 


intensive 
to 


forth 
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micro-examination 
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hardness. 


There is a lack of concordance clearly seen between bars 


microstructure 


paper 
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five 
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judge d 


(illustrated by 


bars 


rep 


If a suggestion were to | 


be mad 
an exhaustiv« 
It is possil 


and 24 to explain a difference in cutting rating of 90 as against 


of 


The subject is admittedly a difficult one, as will be appreciat 


Max Kurrein, Technische Hochschule, ‘ 


eould not 


(from the bottom), ‘‘ 


first holes drilled with a newly sharpened drill. 


Continued 


out regrinding the drills produces similar diagrams until the 


dulling appear in the diagram. 


al 


Messrs. 
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creat difficulties in grinding drills so far alike, that 


es in the lines of the drill point measuring ap 


and thrust diagrams. 


Oral Discussion 


Chairman, we hear a great deal about the vari 

the different types of alloy steels. L know 

tested several different types of alloy steels, 

m, chrome-nickel, 34% per cent nickel, chrome 

was wondering if he has anything to offer on the 

qualities of the different alloy steels having about the 

The photomicrographs shown in this paper are of 100 

nification. tL would like to know if the authors have examined 

at higher magnifications, 1,000 diameters for instanee. From 

mg similar lines we could tell more about machinability at high 
ions than at 100 diameters. 

*RENCH: | would like to ask the authors to explain, just why they 

ry definite determination, namely, tool life, with a determina 

was obviously dependent upon the viewpoint of the operator, 

so-called ‘‘eutting rating,’’ instead of reporting separately the 

d the character of the machined surface. Possibly the actual 

fe, when plotted against the hardness and referred to the 

ture, might explain some of the discrepancies which Prot. Boston 


in his presentation. 


Authors’ Closure 


gard to *. d’Arcambal’s question as to the machinability of 
s of the same Brinell hardness, I believe the best information 
is that given by Messrs. French and Digges in their paper 
ht Turning with Particular Reference to the Steel Cut’’ Trans. 


Vol. 48, 1926, pp. 533-607, Fig. 8, page 555, shows the Taylor 


per minute for several different steels on an equal tensile 


From this the Taylor speed for the different metals may 
iy tensile strength. 

a great deal of data showing relative values for a wide range 
and alloy steels for several different tests. The tests consisted 
g the energy absorbed by a single tooth milling cutter of 
shape, and for a definite chip; the force on a planer tool of a 
shape, and for a definite chip; the torque and thrust of a % 
ter drill rotating at 153 revolutions per minute with a feed of 
and the penetration of the %4-inch diameter drill per 109 
s per minute under a given load. The materials, however, are 

asis of equal Brinell numbers. 
'rench very properly raised the question as to just why the cutting 


based on two independent factors, such as tool lifie and finish, 


red jointly. The tool life is a definite determination, but to classify 





observer. 
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the same comparative rating. 


sat isfactory 


scientifie basis. 


(Austrian) 
measurements of 


could be duplicated 


grinding 


respect. 












made these determinations. 


The chip shape is 


gears 


does not 


The machine setting was recorded 
taken, so that 


chips of equal depth would be taken by each. 


diameter 


THE A. 


amount 


involve 





or grade the finish, obviously requires considerable ingenuity o) 
= t { g 
This part of the work was done by Mr. Lar 


laboratory in Chicago before the other mechanical tests were yu 


and the condition of the surface appear to be two different char 


material 


S. S. T. 


As a 
personally believe that with the tooling, ete. being comparable, th 
rating based on tool life, finish, or 





A 


Mr. Landis reports, however, ‘‘that although the amount of mat 


commercial machinability rating must depend upon both and that 
mind when 


matter 


removed 


a factor which I } 


correct 


tool 
Obviously, the first question to consider is a yardstick to measure f 


in rating screw stock, but this was not used for the tests included 


We are now working on a project at the University of Michiga: 


termine for various alloy steels for heat treat 


life in a 


Ing. Kurrein raises the question of drill grinding for thes 
It is not clear to me whether he is referring to the penetratio 
the torque and thrust drill, so I shall comment on both. The *%4-inch 


drill used for determining torque and thrust was very carefully gu 


nl 


if necessary, the 


The tool 


the burrs were removed before drilling was started. 


drill used 


The drill was carefully m 
to make sure that the chisel point or dead center was on center and tha 


lips were of the same length and location with respect to the axis, so 


was honed 


From a lai 
ber of tests for the one grinding, no difference in eutting action ¢€0 
observed between the newly-ground-honed drill and the condition aft 


The one grinding and honing lasted throughout the tests given in this 


for the penetrat 


gain used a small Blau drill grinder and kept on grinding 


the tests recorded here. 


a geometrically desired one as possible. 


In work 


involving 


made on materials, the 
been collected over a period of time, and the heat treatments had 





by actual tests we observed that the drill was cutting uniformly on 
A thickness of chip for tests of this nature of about 0.001 inch 
common, so that it was necessary that the grinding provide a point as nea! 
This grinding lasted throug] 
It was found, however, that it was practically 
possible to regrind this drill and secure results which would conform 
previous grinding. this drill, on 
groups of metals, not yet published, the drill was reground but i 
case one particular piece of metal was kept as a reference piece to 
the grinding so as to get uniform results as nearly as possible. 

The authors had no intention of setting up a law, as indicated 
eonclusions of this paper as referred to by Mr. Davis in his written « 


The tests bars of which 
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mechanical tests were started. Just how 
size of the bars or the different conditions under 


1ufaectured, influences the results obtained is difficult to 


Mr. Fishbeeck of the Pratt and Whitney Co. raises the question 
xamination of the specimens at magnifications of approximately 
s, A. L. Davis of the Seovill Mfg. Co. has kindly consented to sub 
specimens to this test. Mr. Davis was supplied with the original 
graphs and also with the polished specimens of all steels. Mr. 

‘rt on his investigation follows: 
have been studying over the figures given in the paper by you and 
s, and have had most of the specimens repolished and etched, 
nitrie acid and picrie acid. The picric acid proved to be less 
than the nitric acid for the specimens. Walter N. Van Tassel 
ssisted me in studying the specimens under the microscope, at about 

s and also 2500 diameters. 

‘We have not found anything which throws much light on the prob 
Both Mr. Van Tassel and I feel that the micrographie deseription of 
nens given in your paper are surprisingly accurate. There are 
points of which individuals will always differ in their opinion 


such specimens. 


agree in regarding specimens from bar No. 275 as showing the 
roach to perfect spheroidization. [It is rather interesting that 
is the only one for which all of your machining tests are in 


it a cutting rating of 90 per cent. It also required the 


time to accomplish 44-inch penetration of drill under con- 
th the torque and thrust of the *4-ineh drill are lower for 
than for any other. It is significant that the Brinell hard 


of this specimen is not by any means the lowest Brinell hardness 


4 


is interesting to compare with the above specimen that from bar 


having a Brinell hardness of 187, and accorded a cutting rating of 


t, the same as bar No. 275. This bar No. 237 with almost equal 


hardness, 


and also an identical cutting rating, required more than 
cent longer time for the 44-inch drill under constant load to achieve 
penetration. It also required 50 per cent greater thrust and 65 

ater torque to drive the “-inch drill at the same speed and 
micrographie description for bar No. 237 is 


mw 
ed. 


given as semi 


is another bar which presents an anomaly. This is No. 279 
ell hardness and only 40 per cent cutting rating. The micro- 
eseription is ‘somewhat spheroidized, but very close grain.’ 
utire problem impresses Mr. Van Tassel and myself as one of 
ulty. It is our feeling that it is only going to be solved by very 
and painstaking work in correlating heat treatment with result 
structure and also with Brinell hardness. Whether this particular 


of steel will be the best on which to carry out such a research 
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Fig. 1—Photomicrograph of Specimen No. 237, Cutting Rating 90. Fig 
micrograph of Specimen No. 255, Cutting Rating 90. Fig. 3—Photomicrograph of 
No. 275, Cutting Rating 90. Fig. 4 Photomicrograph of Specimen No. 279, 
Rating 40. All Specimens Etched in Nital. All Magnifications « 1000. 


is perhaps a question. Just as the Bureau of Standards is slowly bui 
up a mass of accurate information as to quenching fluids and their rat 
cooling in quenching, together with the physical properties of steels 
treated, so we conceive it will be necessary to do likewise in establish 
the connection between accurately controlled heatings and quenchings, with 
the resulting microstructures and Brinell hardness. When this has bee! 
done and a condition reached where it is possible to reproduce with reasou 





DISCUSSION 473 


uracy a given structure and a given Brinell hardness, then on 
tandardized material we feel that your testing machines will lx 
eecord results which harmonize between different methods of test 
which will reveal such relationships as we are looking for.’’ 
wraphs at x 1000 representing bars 237, 255, and 275, all of 
ived a cutting rating of 90 per cent, and also bar 279 which had 
g rating of only 40 per cent, are shown in Figs. 1 to 4, inclusive. 
Davis reports that in making the micrographs, a portion of the 
photographed, which showed the most pronounced lamella 
that is, the worst looking portion of the section so far 


is concerned, Mr. Davis further continues as tollows: 


iy case. It is also, 1 think, apparent from the micrographs 
three bars which have the cutting rating of 90 are better 
lized than is the bar with the cutting rating of 40, but there is 
as much difference in the microstructure as one would have expected, 
count for the difference in cutting rating. 
‘Doubtless you have seen E. G. Herbert’s articles on machinability 
English weekly ‘Engineering’, the concluding issue being that otf 
1928. Mr. Herbert has done a fine piece of work, which strikes 
throw more light upon the machinability of metals than any 
gle investigation thus far made. Mr. Herbert finds that it is 
initial hardness of the metal being cut, nor even its work hardening 
which determines its machinability, but rather the property of 
etal in virtue of which it builds up on the nose of the cutting tool 


or semi-permanent, tip having the optimum angle for free 


ooked at in the light of Mr. Herbert’s investigation, we can under- 
it can be possible for a relatively slight difference in structure 
large difference in the angular form built out of the material 
upon the nose of the cutting tool. Thus a structure such as 


No. 279 might fail to build up a tip of the proper angle on the 


the tool, whilst on the other hand, steel of identical analysis and 
lly identical Brinell hardness, but with different microstructure 
that of specimen No. 275 would build a tip having a favorable 
‘or free cutting.’’ 


authors wish to express their appreciation to Mr. Davis for mak- 


Ss painstaking analysis of the specimens, and to the others who have 


uted in making this paper of interest and benefit. 























THE APPLICATION OF SCIENCE TO THE STEEL 
INDUSTRY 


By Dr. W. H. Hatrieip 


Abstract 





The far-reaching influence of the work of Edu 
De Mille Campbell in the development of the metallu 
of iron and steel is discussed in this paper. It is point 
out that metallurgical investigation has progressed 
but there is much more to be done. The author poi 
to present practices which offer great fields for impror 
ment and increased efficiencies. 

The fields of pure and applied science are shown 
be very closely connected and that those who are par 
ticularly fitted to carry on work in the basic scien 
should be given every opportunity, as it is upon th 
fundamental knowledge that the application of scien 
to industry is dependent. The English practic: 
various steel making processes is described. Oxyy 
determination is dealt with at some length. Various 
methods are discussed and the defects of each pointed 
out. The common methods of temperature measurements 
of liquid steel are described and the precautions neces 
sary for accurate results are considered. 













INTRODUCTION 





O BE invited by American scientists and technologists to git 

the 1928 Lecture in memory of Professor Edward de Mill 
Campbell, is indeed an honor deeply felt by the author. The period 
which Campbell’s work covered was a constructive one of tl 
first magnitude in the development of the metallurgy of iron and 
steel. The work of the investigators of those years might | 
compared with trekking into unknown territory. We, today, ar 
largely engaged in following up and intensely studying the ground 








they first turned over; in some cases using the same methods, 1! 
others, havine the advantage of new instruments and even ni 


This paper is the first section of the third Edward De Mille Camp! 
Memorial Lecture presented before the tenth annual convention of the s 
held in Philadelphia, October 8 to 12, 1928, which is being published in s» 
sections in consecutive issues of TRANSACTIONS. The author, Dr. W. H. Hat 
field, is director of the Brown-Firth Research Laboratories, Sheffield, England 
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ttack. Their achievements, however, put ferrous metal- 
in its feet. In that period, the imagination and the con- 
mental ability of Professor Campbell came into play, 
effect upon contemporary work was due not only to his 
tions to knowledge, but also to the impetus given to the 
ental work of others by the theoretical views which he 
bly put forward concerning the work upon which he had 
caged. The matter and manner of his writings always 
ed the most serious attention upon our side of the Atlantic. 
versatility of his genius is displayed in the titles of his 
itions covering the period 1885 to 1926; his indomitable 
by the fact that from the age of 28 his work was continued 
r the disability of blindness resulting from his tragie accident 
nvestigating the constitution of steel. 
His early work, and it was invaluable, contributed to placing 
analysis of steel upon a practical basis. lis work upon the 
tution of steel, with particular reference to the condition 
ch the carbon occurred, extended over a long period, and 
is interspersed with efforts in several directions, notably on the 
fusion of sulphur, the heat of formation of carbides and sili- 
‘ides, dry air blast as applied to blast furnaces; whilst his later 
od was given up to such diverse problems as the effect of 
ren, the hardness of steel, the physical properties of steel, 
constitution of chromium steel, and he lived to take a great 
terest In the newest development in our subject, viz., the X-ray 
thod of attack. His field was very large, and his genius invari- 
ly illuminated each subject that he touched. He was too earnest 
n investigator and too daring a theorist to expect all of his deduc- 
tions to be confirmed as knowledge unfolded itself, but of his niche 
n the Valhalla of our sciences, there is no doubt. 


How can I best speak to you in commemoration of his efforts? 
ter very serious consideration I came to the conclusion that, 


view of Professor Campbell’s wide field, I was eneouraged to 
my subject ‘‘The Application of Science in the Steel Indus- 
| do so with less diffidence, since I come from afar, and it 


useful to you to have a view of matters as they exist today- 
a Kuropean standpoint. 


Metallurgical investigation has progressed far, but as one 


y engaged in the field of research and in the application of 
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science to the industry, I am overwhelmed when I rea 
much there is that we still do not know; when I realize ho 
of the simplest expedients in the industry are archaie. 





' , 
‘ iit 


relatively backward is science in supplying the knowledee 





natural law necessary for advancement; with many of the ¢) 


monly accepted and so-called ‘‘facts’’ which I really believe 
not facts at all. 














The essential functions of scientifically trained men engaged 


=a 





within an industry consist in improving either the processes or 





the products of that industry by the application of new knowl 





edge available either (a) as the result of independent research. 








pursued with or without special reference to the industry, or 





(b) rendered available by a patient research within the industry. 





The financial resources necessary for the work coming under 

















eategory (b) are now being reasonably provided in some indus. 





tries, and with gratifying results in regards to technical progress 





yielding increased amenities and convenience in one direction or 





another. With regard to the increasing of knowledge under cate 





gory (a), the position is hardly as satisfactory, since it involves 





the effort of many capable investigators over longer periods of 
time without any immediate prospect of financial return. Indus 








trial enterprise, unless it is very broad minded and is sufficient]; 
prosperous to 





‘ 


‘cast its bread upon the waters,’’ is inclined to 
leave the extension of purely scientific knowledge to the enthu- 
siasm of the relatively small band of scientific men whom nature 
has endowed with the spirit of enquiry, the intellect, and the 
natural aptitude so requisite for the work. I think that every 
modern State should study most intensively and then put into 























effect the best means it can devise for ensuring that such gifted 





men (and women) as may be born thereto are enabled to work 





in a suitable environment, and with adequate resources for exper! 
ment. It needs them all. This may seem rather a platitude, but 
the experience of the times clearly indicates that with so much 
accomplished in the industrial world on the efforts of substantial) 
unassisted fundamental scientific progress, how much more may 























be accomplished by adequate encouragement and facilities. In 
America, Britain and elsewhere much is now being done, but not 
sufficient. No service to the State transcends in value that which 














‘an be rendered in increasing our knowledge of the laws and possi- 











In 
not 
hich 


OSS1- 
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as of nature, and perhaps the time may come when this will 

venerally realized. Next in value comes the service of the 

ho ean apply such new knowledge to the eood of the State. 

those who can apply such knowledge successfully have, 

ddition to their adequate understanding of the matter with 

thev are dealing, frequently to extend still further the 

ledge for its complete application. Thus comes the great 

itv of defining what might be considered in the one Case, 

» the work of the ‘‘pure’’ and, in the other, that of the 

nlied’’ scientist. I hope to show that even as regards our own 

ii e iron and steel industries, no line of demarcation can 
drawn. 

\ man engaged in applying science to industry, has inevl- 

Jy. on numerous oceasions, to deplore his lack of opportunity 

time, to follow up the threads of fundamental knowledge with 

ew to providing information which he considers essential to 

n adequate solution of his problem, but which is as yet lacking. 

These extensions of knowledge may be of such an order that 


heir gradual achievement can only be hoped for, as a result of 


the eollective work of the scientific world; on the other hand, 


desired information might in certain cases surely be yielded 
a result of immediate careful and patient work in “‘pure 
ience.’’? Of the former kind, is a more complete knowledge of 
nature and the constitution of matter involving the nature 
the atom, of cohesion, of ‘‘chemical’’ combination, of the nature 
solution (particularly of so-called compounds) ; of the latter 
kind, the mastering of problems in physical chemistry, of the 
determination of physical constants under difficult conditions. 
Many other problems can, of course, be cited. 
The problems engaging attention in the industry are generally 
of introducing new, or modifying old processes, or intro- 
ducing new, or improving old products; generally surmounting 
difficulties and eliminating defects. A very wide field of science 
s necessarily laid under contribution, and it surpasses the ability 
{ the individual mind to be expert in each branch of science 
necessarily ealled into play in dealing with even any one particular 
dustry. It thus follows that a modern research institution, such 


is the one the author has the pleasure of directing, is necessarily 


led into a number of laboratories, chemical, physical, mechani- 
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present 


taken must 


Of the utmost importance is the free « 


never be lost to sight. 
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eal, corrosion, metallographic, pyrometric, heat 


oa Te 


each section having at its head a man particularly gs; 
upon his subject. 


specialization is necessary, the general bearing of any work 


tr 


eatm 


é 


of knowledge and ideas between the several sections. since 


In surveying the steel industry, one is first struck 


present 


visit. 


Turning to 


extravagent 


assistance 


laws. 


use 


and reheating processes. 


America may be realized. 


eurrent 


from 


of 


Iron and steel are certainly prody 


processes, the overall efficiency of 


fuel, or 


Sheffield steelmakers, is as low as 


furnace plus refining 


‘) 


energy, 


The achievement of 


purse and a severe economic struggle. It 


in the 


furnace 
which perforce abnormal fuel consumption is largely caused 


efficient 


Is a 










metallure 


‘cheaply’’ from our present point of view, but when one conside) 
blast 


procedure. 


A 


blast furnace and its subsequent elimination in the steel ma 


direct re 
tion on a large scale in terms of energy consumed is a fore: 
conclusion, but its realization involves technical optimism, a 
big idea, ar 
The author has heard rumors of 
tical attempts over here of which he hopes to learn more d 
this 


the introduction of 3 to 4 per cent of carbon into the metal in ¢] 


) 


process ; surely it may be concluded that we shall receive a passing 
smile from posterity. 


I 


eoke crucible steel making furnace as still used by some of the 


til 


2 per cent, the open-heart! 


the metallurgist; 


does not exceed 17.5 per cent, whilst the efficiency of the electr 


value is very low for our latest metallurgical success in this 


I 


steel making furnaces is of the order of 10 per cent. This latte: 
but is, of course, due to the present large margin of room fo 
ereater efficiency as regards the practical achievements of thos 
responsible for power production. The devices which we now 
as power producing units with 15 to 25 per cent efficiency must 
be necessarily only a passing phase, and it is noticeable that, in his 
desire for improvement, the electrical engineer is now asking for 
vreater 


calling upon him t 


to securing greater efficiency by the more effective utiliz: 
well-tried 


modify and to improve the properties of his materials, with a view 


1T101 


The metallurgist welcomes the opportunity 
to help, and on this matter the author will have something t 


nNrac. 
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ter. Nevertheless, great advances will, no doubt. be made 
physicist, who is able to soar above the limitations of the 
ry rut of practice. The author is led to wonder as to the 
itten of entirely new methods for rendering available the 
red energy for our processes. Kleetrie fuel cells working 
reversible conditions and other ideas as yet unborn giving 
to 100 per cent efficiency! may, for the time being, be unrealiz- 
dreams, but we may expect much from the physicist in funda- 
tally modifvine our industria] efficiency in this respect. The 
iciency of our reheating and treatment furnaces similarly pre- 
a field for immediate practical and far more distant 
mately successful treatment. 


and 


The production of steels of improved mechanical] and more 
iseful physical properties, has proceeded apace durine the | 
tew decades, and the development in this field 


ast 
Is by no means 
exhausted. The mastering of the details of technique n¢ 


cessary to 
give increased reliability can be said to 


have progressed concur- 
rently with the development of the new Steels. These aspects were 
ever more thoroughly emphasized than by Lindbergh’s flight 
‘(rom America to Europe, and when at the banquet given to Colonel 


Lindbergh at the Savoy Hotel in London by our British scientific 


and technical people, the author listened to the Colonel’s descrip- 
tion o 


{ the trip, how for hundreds of miles in a dense foe he held 
in justifiable faith in his machine, it w 


n as clear that, metaphori- 
‘ally speaking, hats were taken off not only to his great skill 


pluek, | 


metallurgy. British metallurgy may 


and 
ut also to Contemporary aero engineering and ferrous 
reasonably claim its mead 
of praise in connection with the recent 
Schneider cup. 


achievement of the 


improvements in the 
Surely the hope is encouraged by isolated 
ions such as the work of the 
Physieal 


an we hope further for fundamental 
Properties of metals? 


indicat physicist Griffiths? on quartz, 


considerations led him to suppose that the 
strength of solids was not achieved in pr 


t+" 
elle 


intrinsie 
actice owing to extraneous 
‘ts. This was demonstrated by 
value of about 25,000 pour 
Zlass, to a value of 


experimentally raising the 
ordinary ids per square inch for a 


nearly 500,000 pounds per square inch. By 


R. Evans, Glasgow Technical College Metallurgical Club Journal, 1926, 


Mr. Griffiths, Philosophical Transactions, 1920, 221A, p. 163. 
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his process of preparation and the elimination of ‘‘flg 
remarkable result was achieved. Is it too much to suppos 


i" <€ 


a Th + 


steels have intrinsic streneths far above their present det 


Crmine 


values and that possibly some means for moving in that d 


Llrect 


may be found? We may permit ourselves the fond hope 


Oy 


such is the ease. 
[Industrial metals are crystalline aggregates, and a true know! 


ledge of the nature, not only of the crystal, but also of the avore 


vate, is of fundamental importance to the investigator. To under 
stand the structure of pure metallic crystals is much easier than ; 


() 


appreciate the manner in which erystals of complex solid solutio 


IS 


are built up. There is much we do not know, but since the oric 


inal classical work of Carpenter and Elam on the growth and p 


l pro] 
erties of single metallic crystals, our knowledge of the individy 
crystal has greatly increased, and we are better able to understand 
the properties of the aggregates. Indeed, one great theoretical 
advance has resulted from this new work, in that it is not now 
found necessary to postulate a film of under-cooled liquid met 
as existing between the several crystals of the aggregate. Suc! 
hypothetical film constituted a theoretical panacea, since it was 
found too easy to attribute the requisite properties to this film 
for explaining many problems. Nevertheless, the author would 
be the first to appreciate the value of Rosenhain’s advocacy of this 
theory from the point of view of its discussion and research-provok- 
ing character. Whilst, however, our knowledge is being further in- 
creased, and largely by the X-ray method of attack due primaril) 
to the efforts of Sir W. H. Bragg, Hull, Debye and Scheerer and 
Westgren, we cannot yet be said to understand completely 
nature of the crystalline matter of which our metals consist. 

To Professor Desch, F. R. S. of the Sheffield University, you 
were recently indebted for an extremely interesting discussion 
upon the growth of metallic crystals in the light of knowledg 
extant, and many directions were indicated in which investigations 
are required. 

The eternal problem as to why quenching hardens steel has 
recently been discussed in a very interesting manner by Jeffries 
in the last Campbell Memorial Lecture, but can it be said that 
finality is reached? 





8Professor Cecil B. Desch, Lecture before the American Institute of Mining 
Metallurgical Engineers, 1927, February. 
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‘in. take for instance, the effect of cold work. Why is the 
<<; of a metal increased as a result of eold deformation? 
s this effect, in the case of certain austenitic steels, accom- 
by a change of phase? It would be easy to write at con 
he leneth concerning what possibly happens, but to the 
or it would seem profitless to do so, since our knowledge of the 
ot interatomic forces, and consequently of the nature of 
esion, 1s not, as yet, sufficiently complete. 
The limitation of our ability to understand completely many 
problems occurring as regards ferrous alloys at high tem 
ire. is well illustrated by the state of our knowledge concern- 
mechanism of the formation of graphite in pig iron. The 
ithor’s view* is that the material collecting in the bath at the 
tom of the blast furnace consists of an impure saturated solu- 
tion of carbide in iron. As this cools down to the freezing range, 
‘arbide is thrown out of solution, which simultaneously dissociates 
iron and carbon, with the production of kish. The iron then 
es, the eutectic splitting up into austenite (solid solution) 
d carbide, which latter constituent, controlled by the prevailing 
onditions of rate of cooling and composition, either persists or 
lissociates. Further cooling causes the gradual precipitation of 
irther free carbide, which is governed by considerations similar 
is regards stability as the carbide separated at the eutectic change 
int. When we arrive at the temperature at which the pearlite 
orms we still have the solid solution of eutectoid composition, 
hich now resolves itself into carbide and free iron. The carbide 
ll, again, either dissociate, with the production of perfectly 
pig iron, free from combined carbon, or will persist, and be 
ognized as the pearlite in the final iron. Satisfying as this is 
the author’s mind, it apparently by no means meets with general 
ce. Kk. Ruer® claims that as a result of studying the 
elting and freezing of white iron, he has obtained evidence of 
austenite-graphite eutectic. R. Ruer and F. Goerens® describe 


‘ experimental investigation of series of iron-carbon alloys and 


iuced the direct separation of graphite from solution; they place 


raphite eutectic point at 2105 degrees Fahr. (1152 degrees 


Recent Research.” 
Yhemie, Vol. XXXI, 1918, pp. 242-244. 


XIV, 1917, p. 161 
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Cent.). K. Tawara and G. Asahara’, as the result of an inter. 
esting research, arrive at the conclusion that the carbide 
ates in solution and that the carbon is precipitated as 

R. Ruer and J. Biren’ consider that the carbon is precipitated 
graphite and the same view is again expressed by R. Ruer®, F 
ther argument on the same line is to be found in the work of J 


Schwartz and his collaborators'’®. On the other hand the vie 





author favors meets much support. G. Cesaro' deduces that th, 
earbide is in solution as such. O. Ruff and W. Borman"™ dedye 


cit 


















that graphite is only produced by the dissociation of precipitated 
carbide. K. Honda and T. Murakami'*, discussing the results of » 
valuable research, conclude that graphite is formed as a result 0! 
the catalytic effect of CO or CO, upon the precipitated iron ear 
bide. L. Northeott'* also arrives at the conclusion that the car 
bide is necessarily precipitated prior to the liberation of the 
graphite, K. Honda and Hikozo Endo” give strong experimental 
support of this view as a result of measurement of volume changes, 
[t will be seen that the whole matter turns on whether or not th 
carbide of iron is in solution in the liquid steel as such, or whether 
and to what extent, the carbide dissociates when in solution. This 
of course, brings up the whole question as to the mechanism of solu 
tion of chemical compounds, but it will be seen that until clarity 
is achieved as regards ideas in that direction, no dogmatie deduc 
tion can be made concerning even so apparently simple a problem 
as the mechanism of the formation of graphite in pig iron and in 
iron-carbon alloys generally. 


In the foregoing observations it has been the author’s desire 


"K. Tawara and G. Asahara, Journal, College of Engineering, Tokyo, Vol. IX, 
p. 127. 









®R. Ruer and J. Biren, Zeitschrift fiir Anorganische und Allgemeine Chemie, Vol. CXII 
1920, p. 98. 


*R. Ruer, Zeitschrift fiir Anorganische und Allgemeine Chemie, Vol. CXVII, 1921, p. 24 


“H. A, Schwartz, Transactions, American Institute of Mining and Metallurgical Eng 
neers, 1922. 





1G. Cesaro, Journal, Iron and Steel Institute, Vol. 1, 1919, pp. 447-455. 





20, Ruff and W. Borman, Ferrum, Vol. XII, June, 1915, p. 124. 





‘SKotaro Honda and T. Murakami, Science Reports of Tohoku Imperial Universit 
X, September, 1921, p. 273. 





i4],, Northeott, Foundry Trade Journal, June 19, 1924, pp. 515-521. 


SKotaro Honda and Hikozo Endo, “On the Volume Change During Solidificat 
Iron and Pure Iron,” Transactions, American Society for Steel Treating, Vol. 14 
p. 967. 
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te and to emphasize how great indeed is the field awaiting 
tion by the investigator, and how essential it is to do all 
} possibly be done. to see that the suitable men have ad- 
encouragement and resources. Physics and chemistry, if 
one ean look upon chemistry as other than a branch of 
s are the basie sciences upon which industries depend for 
radual evolution to a better state of things, and, indeed, 
.s. for their preservation and even for their creation. These 
sciences and the men responsible for them should be honored 
pported. This is one of the author’s prineipal deductions. 


Sti} 


s also been said quite truly that the scientific man who wishes 

pply science to industry should endeavor to understand the 

an element in industry; that is rather a difficult requirement, 

it involves the necessity that a mind engaged in looking for 

truth, shall at the same time maintain full appreciation 

one dare say it, the element of ‘‘original sin.’’ Surely it 

be claimed as the further deduction that industry generally 

ld learn to know, to appreciate and to make the best use of 
scientist. 

Time may come, but not before ‘‘ Homo Sapiens’’ is on the de- 

when all natural phenomena have been observed and duly 

keted. Then, will be an opportunity for one of your wonderful 

rican card index systems, and in the words of Professor E. 

W. Hobson, F. R. SS ‘*Completely rationalized physics and 

mistry would contain within themselves, in the form of postu- 

every element which could be supplied by physical observa- 

and would no longer be dependent for their future progress 

the work of the experimenter. Laboratories would then be 

only for illustrative, didactic, and suggestive purposes, just 


drawings and models are still used in geometry, but they would 


longer hold their present indispensable position in relation to 


) yeah 
cal Al, 


The author might add that in that golden age. there need be 


listinction between pure and applied science or between theory 
SECTION II 
STEEL MAKING 


\Ithough the manufacturing processes utilized for producing 


r E. W. Hobson, ‘Science and the Nation,’ Cambridge University Press, 1917. 
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steel from the raw materials cannot be described 
tifieally exact, they are, it 


as beino 


Sclen 
1 each instance, approaching tha 
tion. Whereas until comparatively recently, it was 
speak of the ‘ 


‘Ondi- 
usual to 
‘art’’ of steel-making. today it can be stated that 
physical chemistry of the processes is being 


the 
gradually mastere 
incompletely interpreted. 
of the more important are sufficiently well 
other hand, the effect of the 


resultant steels 


d, 
Whilst some of the reactions are some 
understood. On the 
reactions upon the constitution of the 
is far from explored, and this js particularly 
marked as regards the origin and nature of the non-metallic 


Matter 
found within the structure and also 


as regards the compositi 
quantity and effect of the gases remaining in the steel. 

therefore, feels that he can usefully discuss these ma 
hope of directing increased attention to them. 


on, 
The author. 
tters in the 


The processes most 
largely used in the production of the higher grade 


crucible, acid open-hearth and 


Steels are. the 
electric processes. 


CRUCIBLE STEEL 


The crucible process is still in use in Great ] 


sritain for th 
production of the special ‘‘tool’’ steels. particularly for the | 
duction of high speed steel. 


ro 
The process is very simple. 1! 
specially selected pure raw materials are melted in 
fractory fireclay crucible. 


a 
a highly re 
The fireclay is rendered stiff enousl 
at the high temperatures by the admixture of a small proportio. 
of coke dust. Thus the charge tends to take up a little carbon fron 
the crucible and also, owing to the permeability of the crucible 
walls to the furnace gases, a little sulphur is also taken into the 
steel. Apart from these effects, it can be considered that ‘‘ what 
you put into the pot, comes out of it.’ It is customary to melt 
the charge and then to retain the crucible in the furnace for the 
metal to acquire the necessary superheat, during which latter peri 
od a slight reaction takes place between the metal and the crucible 
and slag formed on the upper surface of the metal, which results 
in an increase of silicon in the steel and. if sufficient manganous 
oxide is present in the slag, of manganese also. It is usual to add 
a little manganese to the crucible a short time before teeming. 
A little aluminum is usually added as the ingot is poured. The 
great advantage of the process is that while it is expensive, it Is 
still conducted as an ‘‘art.’? The smallness of the crucible and 
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itter 
l ion, 
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the 
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add 
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the Teemiug of the Individual Crucible Ingots. 


-harge enables each ingot to be teemed with care and understand- 
ing. thus facilitating the production of the special tool steels free 
from defects. The smallness of the ingots also reduces the pos- 
sibility of pronounced heterogeneity through differential freezing, 
and incidentally prevents the coalescence of non-metallic matter 
nto the larger particles found in heavy ingots. It is of interest 
to record that the firm founded in Sheffield by Huntsman, the 
inventor of the process in 1744, and which, being associated with 
my firms, utilizes our research resources, is still most actively en- 
raged in producing a very superb quality of this steel. Fig. 1] 
well illustrates the eare even now taken in the teeming of the 
ndividual erucible ingot. 


Acip OpreN-HEARTH PROCESS 


In Britain, much of the earbon, nickel, nickel-chromium and 
nickel-chromium-molybdenum steel is made by the acid open- 
hearth process which has lent itself admirably for the purpose. 
Although the flame produced by the combination of the gas and 
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air, plays over the hearth, the metal becomes covered at 
period with a slag, the composition of which is eontro] 
tween sufficiently narrow limits to permit of a reasona 
factory control of the process of refining. The special a] 
additions can be conveniently melted into the charge in 
nace; and large casts can be turned out within very narro\ 


of composition. By synchronizing the production of the 


















two or three furnaces, the largest ingots required can be effec; 
made. It is essential in this process to use only the low s 

and phosphorus irons, since these elements are not eliminated 
the reactions centering round the elimination of earbon. silic 
and manganese by reaction with a slag consisting essentially 

ferrous silicate, in which the oxides of iron are kept at high values 
during the oxidation period, by the addition of iron ore. A 

sation in the addition of the ore, coupled with the maintenance 
high temperatures, results in the reduction of the iron content 
the slag with an attendant increase in the silica content thereo! 


When the silica content passes a certain limiting value", silico 


and manganese begin to be reduced and pass into the steel, and 
are available for bringing about a deoxidation of the metal. I 
the best practice, this stage of the reactions is reached and main 
tained for some time previous to tapping. It cannot, perhaps, | 

said that it is established that even under such conditions, d 

oxidation is obtained to the extent which is really desirable. The 
ingot shown in Figs. 3 and 4 was produced from an acid Siemens 
Martin steel charge, which fulfilled the best conditions according 
to present views. 















It will be clear from these observations that, compared with 
the acid open-hearth process, the basic open-hearth process falls 
short in not giving equal facilities for deoxidation. 


EvLectric STEEL MAKING PROCESSES 






Force of circumstances and intrinsic advantages have resulted 
in the electric are furnaces (either Heroult or Greaves-Etchell 
being extensively utilized in Sheffield for the production of spe 
cial steels. This process, controlled in the best technical manner, 
is ahead of any other process as regards the excellence of the 
steel produced. It is admirably adapted for the production of 















‘McWilliam and Hatfield, Journal, Iron and Stee] Institute, Vol. 1, 1902. 
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h in special elements. The hearths are basic-lined, and 
scrap 1S melted. the first slag, which is rich in oxide of 


- removed. <A refining slag, essentially lime, is then pro- 









and under this slag, refining is effectively achieved. Steels 
vy this process need not have a sulphur or phosphorus con- 
<eeeding 0.01 per cent, and if deoxidation is continued to 
iesirable stage, the steel is remarkably free from ‘*inelusions.’”’ 
s always taken not to over-heat the bath under the oxidizing 
since otherwise gas troubles are caused, which are extremely 


jt to eradicate. With suitable electric furnace equipment, 







‘hout undue haste in process, the quality of product obtain- 


‘s remarkable. The author anticipates great extension in the 






roduction of electric steel. 






NoNMETALLIC INCLUSIONS AND GASES FOUND IN STEEL 














The nonmetallic inclusions found in all steels are now re- 


ne attention both in America and in Europe. It is realized 












they militate against the fullest advantage being taken of 

‘ntrinsie mechanical characteristics of the material. In the 
rst place, they tend to form, when segregated, definite weaknesses 
+» the otherwise strong and ductile material; in the second place, 
they tend to affect the form and orientation of the final con- 
stituents. In the former case, we notice ‘‘ohosts’’ exaggerated at 
times to form actual discontinuities; in the latter case, the effect 
‘s to be seen in a lessening of the ductility when tests are made 
other than coincident with the direction of deformation during 


ication. They consist of two types; ‘*sulphides’’ which are 













e direct result of the amount of sulphur in the steel; hence the 
desirability in the acid processes of using materials of the lowest 
sulphur content, and in the basie processes of reducing the element 
to the lowest values possible under the circumstances. The com- 
position and time and manner of the formation of the sulphides 
finally found in the steel form the subject of an important research 

present being conducted by Dr. Andrew of Glasgow for the 
ngot Committee of the Iron and Steel Institute. The full dis- 
sions which led to the institution of that investigation disclosed 
such an unsatisfactory state of knowledge in this field that the 
considers there is little that can meanwhile be usefully 





|. It would, however, appear that the manganese added to 
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the liquid steel results in the formation of insoluble su 
manganese, most likely containing residual sulphide of 
What extent this manganese sulphide joins up with the sj 
clusions is not known. 

The other type of inclusion, which apparently is gov 
the physical chemistry of the steel-making process, might 


nated ‘‘slag and oxide inclusions.’’ It is largely held ¢ 


Lnat The 





are traceable to the oxygen content of the liquid metallic 





It is held that if a slagw containing oxide of iron is ¢ 


imposed on a bath of liquid iron, some oxide of the iron wil] 







into solution in the metal. It is not known, however. 
extent the presence of carbon and other elements in the bat] 


fect the equilibrium value for oxide content, and this knowled 


is necessary before present accumulating knowledge can be appl 


t A 
to steel-making processes. Austin's seems to have satisfactorily 
established that pure liquid iron ean take up 0.24 per cent of 


oxygen, and Tritton and Hanson ' established that liquid iron ai 


2785 degrees Fahr. (1530 degrees Cent.) would take up 0.2] 





Ney 


—_ } 


eent of oxygen, and C. Il. Herty*® and his collaborators hay 


shown that the solubility increases to 0.304 per cent at 2910 deerees 
: | 





Fahr. (1600 degrees Cent.), and 0.452 per cent at 3090 degr 





Kahr. (1700 degrees Cent.). The latter workers indicate that in 


calcium-iron oxide slags, the content of lime may vary over a wid 







range without affecting the solubility of the oxygen. Thus, in thi 
absence of carbon, a definite solubility of FeO of some magnitud 
appears to be determined. C. H. Herty and J. M. Gaines” claim 
and the author agrees with them, that since the solubility of th 


oxygen is greater with the temperature, that does point to th 












oxygen being present as a compound and not in simple solutior 
Tritton and Hanson give a value of 0.05 per cent oxygen as repr 
senting the maximum solid solubility. Much of the large tonnage 
of mild steel that is made, is tapped with the slag rich in oxide o! 
iron, and the manganese and silicon, alloyed with iron, are added 
in the solid form to the liquid steel as it issues into the ladle. As 






isMr 





Austin, Journal, Iron and Steel Institute, Vol. II, 1915, p. 157. 





“FP, S. Tritton and D. Hanson, “Ferrous Alloys Research,” Journal, Iron a 1 St 
Institute, Vol. CX, No. II, 1924, p. 90. 





2C. H. Herty, Carnegie Institute of Technology, Mining and Metallurgical Invest 
Bulletin 34, 1927, pp. 1-66. 















2710. H. Herty and J. M. Gaines, American Institute of Mining and Metallurgical Engi 
February, 1928. 
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therefore, that oxide of iron is in solution in the liquid 
reaction With the manganese presumably produces in 
manganous oxide, which must obviously be dispersed 
the liquid in the ladle in an extremely fine state of 
The silicon also added, should produce insoluble siliea. 
resent view is that thus the manganous silicate is produced 
he union of these two oxides, which has been considered to 
te what Is believed to be the most serious form ot non- 
inclusion. The incompleteness of knowledge on this sub 
however, is illustrated by the fact that the work of J. H. 5. 
nson2? disclosed that some of the silicates, isolated from acid 
earth steel, did not consist entirely of manganous silicate, 
ere most probably really a double silieate of manganese and 
Dickenson separated the inclusions from the steel by dis- 
away the metal in nitrie acid. He obtained residues from 


types of steel which disclosed very interesting results: 


Table I 


normal 


I\} 


(he percentage weight of the slagey matter in the steel was 
pparently of the order of 0.016 to 0.04 per cent. Colclough, in 
discussing Dickenson’s research, indicated that solution in 10 per 
ent H,SO, gave a higher yield of slaggy matter, and his results 


juoted in Table LI. 


l‘ollowing Dickenson’s method, the author has obtained the 

ts shown in Table III. 

lt is, therefore, not quite clear as to what the nature of the 
dded reaction is between the added manganese and the oxygen which is 
Ac held to be present in the liquid steel, or whether the inclusions 


‘essarily originate as just suggested. 
laarl wy ° ° a 
Ulearly, however, it is reasonable to suppose that if the steel 


linished’’ in this manner, the amount of the silicate present 


e finished steel will be influenced by the composition of the 


\ Note on the Distribution of Silicates in Steel Ingots,’’ J. H. S. Dickenson, J 
Steel Institute, Vol. CXIII, No. I, 1926, p. 177. 


ournal, 
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Table II 







Solvent 10 Per Cent HNO, 1OP 
Residue DOF COME .ccvces . <a wéione'e ans 0.0147 
| “Wwe ewe Soh Wee bad) are tebag ae ee olla eae 18.9 
BS ae. a ae nae nek bee ea eee aii Ge ne eee 18.9 
MnO 





(ee eR OC ORS ORO Se eS OSE 5 S000 bee OS 2.1 








slag, since the oxygen content of the steel depends 





equilibrium values. These comments apply to both the acid 










to the basie processes when operated under the conditions as a 


T} 
‘ 


described. We are indebted to Ledebur for first pointing out 


the oxides, produced in deoxidation by the manganese and silico) 


Table III 







FeO and 
Steel slaggy matter SiO. other oxid M 


55 x1des 

















Acid Siemens 0.084 18.2 5.1 
Acid Siemens 0.056 60.5 +.4 
Bessemer 0.065 63.0 1.0 
Bessemer 0.084 16.0 90 
Electric U.00 1.0 34.0 
Crucible 





were not likely to separate themselves readily from the 
metal**, 

It will be seen that an adequate handling of this problem d 
mands satisfactory methods of determining, by analytical methods 
not only the amount of oxygen in the steel, but also the form 
which it oecurs. It may exist as oxides of iron, manganese, silico 
chromium and other elements; largely occurring as silicates 0! 
variable composition; and it may also occur as the oxides of + 
ben, CO and CO,. This latter view is discountenanced in certai 
directions, but the author considers the whole matter worth re 
consideration. 

The gaseous oxides of carbon cannot be considered, excep! 
along with the general question of the gaseous content of steel. 

Knowledge here is extremely meager, as will be shown, and 
this is largely due to the difficulty experienced in devising suitabli 
methods of determining the amount of oxygen present. So 1 
portant is this matter that the author considers it desirable 
review the evolution of the methods. 







23Dr. Ledebur, Stahl und Eisen, Vol. 15, 1895, p. 376. 





SCIENCE IN STEEL INDUSTRY 


\ierHops OF OXYGEN DETERMINATION 


nv ditterent processes have been used with this object, and 
t he mainly classed under two headings: 

\lethods to obtain a residue ot oxides from the steel. 
\lethods where an attempt is made to decompose the oxides, 
ith subsequent measurement of the gaseous products of the 

composition. 

‘he process of Troilus** was one of the first in the field, and 
onsisted of treating the steel with a neutral solution of fer 
oride with the subsequent separation of an impure residue. 
residue - sulphides, phosphides, oxides and silica was 
ed and allowances made for impurities. Eggertz®> estimated 
en by dissolving the steel in iodine and separating the non- 
residue. The Pourcel’’ method |temperature indefinite, 
probably about 1110 degrees Fahr. (600 degrees Cent.) ] con 
| of heating steel drillines in a stream of chlorine until all 
iron Was volatilized and driven off as ferrie chloride. 
hneider used bromine as a solvent for steel in these deter- 
ations, and this reagent was also used by Wust and Kirpach?’, 
these methods were very ably criticized by Oberhoffer, Keut- 
nn, Scherer and Straueh and by Oberhotfer, Keutmann, Hes 
enbruch, and Ammann" in 1925 and 1926. Bender*! appears to 
ive been the first to use the hydrogen reduction process, which, 


} 
; 
1) 


modifications, came to be known as Ledebur’s®2 method, and 


used to a great extent by subsequent workers. In this process, 


lings of the steel are heated in a current of hydrogen at a tem- 

ture of 1830 degrees Fahr. (1000 degrees Cent.). or there- 

ts, and the resultant water vapor is absorbed and weiched. 
XXXIX, 1884, p 


1868, p. 11! 


1555-68. 


Ammann, Stahl und Eis¢ 
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Pickard**, MeMillen**, Austin®*, Oberhoffer*®. Sehmitz 


‘ 


Pettijohn**, and Rooney*’, all used this process in slighth 


ss 
forms. The disadvantage of the method is that it does , 

the whole of the Oxygen from the steel: Oberhoffer and his e 

workers have shown that only oxide of iron is reduced bn 

tainty, while silica remains unaffected and manganous oxide i 


only decomposed slowly after prolonged heating and p 


Passave 
hydrogen. In 1909, Goutal*®, published a method Whereby ste 
was dissolved in copper potassium chloride solution and th, vases 
liberated from the steel were carried by a stream of nitrogen int 
an absorption train. In 1919, however, this method was shown 


Cain and Pettijohn*! to be inaceurate. The Pfeifer Schiess}! 


method consisted of heating at 2100 to 2280 degrees Fahr. (11: 


i 















to 1250 degrees Cent.) the steel and Withdrawing the gases 


ry, 
» 4 


sumed by them to be formed by reaction between carbon and oxides 


in the steel, by means of a vacuum pump. This method has be 
modified to the extent of melting the steel (with or without ant 
mony and tin) by Baradue-Muller**, Goerens and Pacquet*, Jorday 
and Eckman*® and Hessenbruch and Oberhoffer*®, and it is claimed 
that complete decomposition of the oxides of iron, manganese and 
silicon occurs under the correct conditions. The Dickenson‘ 


method is a reversion to solution of the steel. and consists in dis 






Pickard, Journal, Iron and Steel Institute, Carnegie Scholarship Memoirs, \ 
p 70 







‘McMillen, Jron Age, Vol. XCI, 1913, pp. 308-9, 






‘Austin, Journal, Iron and Steel Institute, Vol. 92, 1915, pp. 157-161. 





*“Oberhoffer, Stahl und Eisen, Vol. XXXVIIT, 1918, pp. 105-110. 










"Schmitz, Stahl und Eisen, Vol. XXXVIIT, 1918, pp. 541-2. 





“Cain and Pettijohn, Bureau of Standards Publication No. 118, 1919. 








“Rooney, Journal, Iron and Stee] Institute, Vol. 110, 1924, 


9° 


p. I 











“Goutal, Comptes Rendus, Vol. 148, 1909, p. 988. 








“Cain and Pettijohn, Bureau of Standards Publication No. 126, 1919 


“Pfeifer and Schiessl, Stahl und Eisen, Vol. 44, 1924, p. 113 
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“Baraduc and Muller. Journal, Iron and Steel 
Vol. VI, 1914, pp. 216-230 
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erens and Pacquet, Ferrum, Vol. XII, 1914 15, pp. 57-64 and 73-81 








“Jordan and Eckman, Bureau of Standards Public ition, 1925, pp. 445-482 






“Oberhoffer, Siahl und Eisen, 1928, p. 486. 








“J. H. S. Dickenson, ‘fA Note on the Distribution of Silicates in Steel Ingots,” 
Iron and Steel Institute, Vol. CXIII, No. 1, 1926, pp. 177-96. 
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piece in dilute nitrie acid with subsequent treatment of 


lie to remove carbon and silicie acid. 

ll. therefore, be clear that no method has vet been devised 
s completely satisfactory for giving the total oxygen, un- 
method of withdrawing the whole of the gases from liquid 
considered as such. This method, however, labors under 

sability that it assumes but does not prove that under the 

ons of the determination, the whole of the oxygen has come 
IS necessary also to devise a process for determining the 
of CO and CQO, in the steel at ordinary temperatures, the 
difficulty being to be sure that the gases taken really repre 


CO) ditions in which they eXist in the steel. 


GASES IN STEEL 


When one really considers the present position as regards 
edve. matters must be considered to he thoroughly obseure. 
harpy and Bonnerot** found 30 per cent of CO in the gases ex- 
‘ted. Boudouard'’ found CO and CO, together with nitrogen 
hydrogen, given off by merchant iron at 2010 degrees Fahr. 
1100 degrees Cent. This is confirmed by Belloe’s®® work. 
cer’', as the result of a very prolonged and interesting research. 


1 
? 


es the composition of the gases given off, as varying with the 
perature, but agrees that they are always carbon monoxide, 
trogen and hydrogen; he also shows that sound steel free from 

holes, contains more gas than blown steel. Aceording to 
onaldson** carbon monoxide and hydrogen predominate, the other 
ases being there in a total quantity of less than 2.5 per cent; he 


iy 


licates that the presence of silicon and manganese decreases the 


rbon monoxide and increases the hydrogen. Stadeler®* has 


r views. Allemann and Darlington®* consider the solubility 


vases in the steel is decreased by the presence of manganese, 


Bonnerot, omple ve us, ol, 102, 2911. p. 1247 


118, 1907, pp. 244-! 5 and pp. 1280-3 
Institute, Carnegie Scholarshi Memoirs, 1909. 
Steel Institute, Carnegie Scholarship Memoirs, 1916. 


1917, py 


Franklin h 
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silicon, aluminum or chromium, MeCance* considers the | 
but omits to deal with the part played by hydrogen. In 
work, Baker®® showed the gases to consist almost equally 
bon monoxide and hydrogen, but the quantity differs with 


dition of the steel. Amsen and Willners® confirm this. 






and Betts®® experiments are of interest. Braune®® indica 
nitrogen is present and in the form of nitride. 


Sieverts and Krumbhaar®’ indicate that nitrogen is ta 

















at a temperature of 2192 degrees Fahr. (1200 degrees Cent 
not evolved again when the steel is heated in vacuum. The solyh 
ity at high temperatures is a matter of definite disagreement and 


in this respect the work of von Malitz®' and Sieverts®™ should }b 
compared. Sieverts studied the solubility of gases in molten met: 
and indicates that hydrogen increases in solubility with th 
perature, which would be a remarkable fact. 

Heroult®* and Goerens™ state that cold steels contain little ¢ 
and that blow holes are formed by reaction between the earbi 
of iron and oxide of iron present. Johns® takes the same vie 
Parravano and Scortecei®, Parravano and Del Tureo™ and Klir 
ger®® all consider that the reaction between the earbide and oxic 
is responsible for the carbon monoxide and carbon dioxide give 
off. The present author takes the opposite view, i.e., that this r 


SMcCance, General Discussion on ‘‘Occluded Gases in Metals,”’ Journal, | 
November, 1918. 


arad S 


“Baker, General Discussion on ‘“‘Occluded Gases in Metals,’”’ Journal, Faraday § 
November, 1918. 
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es not account for the evolution of the gas which causes 

holes. In an interesting paper Andrew suggests the 

in combination in the iron, while from Rosenhain’® we 
Q iwvestion that they are present in the under-cooled liquid 
sting between the erystals. This latter view, of course, de- 
ipon the existence or otherwise of the amorphous film. 


1Y) 
\iil 


» a general view of the matter, however, there is really 
finite agreement upon the subject, except that quite a strong 
of opinion is in favor of the reaction theory as regards the 
ition of the carbon monoxide and earbon dioxide. Such a 
however, does not take into consideration the hydrogen econ- 
and there is undoubtedly unanimity of opinion as regards the 

portion of hydrogen present. Any satisfactory explanation, 

efore, of the evolution of these gases which produce the blow 
es, must contain adequate explanation of the part played by 
hydrogen. 
Looking at the matter from the steel making point of view. 
are two outstanding facts which should be taken note of 
which ean undoubtedly be confirmed by anyone. The first is 
in the acid open-hearth process, whilst the oxide of iron is 

ll at a high value in the slag, and, therefore, it is to be pre- 

ed according to a certain view that oxide of iron is in solu- 

in the iron, samples can be taken from the bath which freeze 
rfectly solid and free from blow holes. The next point is that 
the electric process, if the bath is over heated in the early stages 
the process, the metal becomes so charged with gas that even 
per cent of silicon is insufficient to prevent the evolution of gas 


hn treezing, 


The author’s object in reviewing this phase of steel manu- 


ture has really been to draw attention to the great need for a 


ver of investigators to concentrate upon these problems. We 

little of the extent of the solubility of the gases in question 
he steels in this range of temperature, and we know little con- 
ng the solubility of oxide of iron in baths of commercial steel, 


ining as they do, carbon, phosphorus and other elements. 


urnal, Iron and Steel Institute, Carnegie Scholarship Memoirs, 1911. 


nhain, General Discussion on “‘Occluded Gases in Metals,” Journal, Faraday Society, 
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TEMPERATURE MEASUREMENTS 


The work done by the Bureau of Standards Committ 
individual American workers is known to you, and it is th 
proposed to confine these observations to personal experien 

Kor liquid steel temperature determinations. it is us 
employ distance pyrometers of the optical type. The tw 


types of optical pyrometer are, (1) the disappearing filamen: 
*) 
) 


(2 


the Wanner polarizing type. The latter is probably t¢ 
popular instrument, but both are equally adaptable. The 


ing remarks apply particularly to the polarizing type. 
The Cambridge optical pyrometer. instrument may be x 
garded as a photometer, in which, by simply rotating the analy 
attached to the eyepiece, a beam of selected monochromatic light 
from the hot body is matched in intensity against a beam of similay 
light from an incandescent electric lamp. The current through th, 


lamp is standardized for each instrument. The instrument has 
generally two ranges, 1290 to 2550 degrees Fahr. (700 to 1400 de 
grees Cent.) and 1650 to 3630 degrees Fahr. (900 to 2000 degrees 
Cent.), and for the latter range an absorbing screen is moved jy 
front of the objective. If the instrument is used on steel in the 
open, the correction must be added for divergence from 


** black 
body’’ conditions. 


[t is proposed to consider the degree of accuracy of the instru 
ment, given an ideal hot body and plenty of time in which to make 
the temperature observations. Such conditions may be obtained 


with the standard amyl acetate flame as the ‘hot body’’ and the 


instrument set up in the usual way as if for calibrating purposes. 
With constant setting of the ammeter, readines may not be 
regularly obtained with greater accuracy than plus or minus 0.40 
degrees angular deflection. This is equivalent to plus or minus 
3 degrees Cent. at temperatures 2370 to 2550 
(1300 to 1400 degrees Cent.). 


degrees Kahr 
At higher temperatures, the tem 
perature scale on the instrument becomes more crowded. but it is 
considered that a rotation of the pointer through one angular de 
gree at the higher temperatures, makes more difference to the in 
tensity of the light seen through the instrument, than a similar 
rotation at the lower temperatures. This somewhat counteracts 
the crowding of the seale, and thus it is still possible to obtain an 


accuracy of about plus or minus 5 degrees Cent. Slight. inae- 
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os in the setting of the ammeter, which gives a measure of 
ament current, will cause definite small errors in tempera- 
measurements. 
\ check on the instruments is frequently made by comparison 
rare metal thermocouple; the hot junction of the couple 1s 
mnted in the face of a refractory disk, placed in an electrically 
tube. so that it may be sighted upon through the end of the 
with the optical instrument. Suitably placed diaphragms 
va TO obtain, as near as possible, black body conditions in the 
ehborhood of the heated disk. 

An exact measurement of liquid steel temperatures is only 
sible under very precise conditions. In steel works the con- 
tions are far from ideal, and are usually uncontrollable, so that, 
the best, the observations should only be considered as an ap 

proximation. 
The author would now like to draw attention to the very im 
ortant matters of determining and controlling the temperatures 
liquid steel. The actual temperatures existing during the re- 
‘tions are fundamentally important, and are dealt with in prae 
ce on empirically practical lines. The casting temperature is, 
however, so important as to be a determining factor. The tempera 
ires of liquid steel are best determined by the optical pyrometer 
venerally the Cambridge) and the total correetion for black body 
‘conditions at such temperatures is usually at present made uni 
tormly 125 degrees Cent. 

Probably the best conditions for temperature determinations, 
obtain during the teeming of ingots, or eastings, from the ladle. 
There one has a steady stream of liquid steel. I°umes, caused say 
by the burning of washes used in the molds, ete., often interfere 

th the observations, sometimes seriously. but in general such 
effects clear away before the complete casting of each ingot, and 

clear field is obtained for a sufficient length of time to take a 
reading. 

In almost all cases, it is not possible to fill the field of the 
instrument when sighting on ladle streams, but it is considered 


“+ 


this has little influence on the observations, except that it 


es it more difficult to match the two halves of the photometric 


Difficulties arise from polarization, caused by the curved 


ace of the stream, and failure to view the stream normally to 
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the surface, and also the possible chilling of the outside 
metal, may introduce further errors. 





It has been concluded 
Greenwood" that the errors due to both these causes are no} 
ly more than 20 degrees Cent., but that under certain condit 
they may reach 40 degrees Cent. In each of these cases, the efter 
is to lower the observed temperature. It has been noted that whe 
the ladle stopper is not full open, the stream, instead of bejne 
steady and of uniform cross section, becomes stragegly, and 
reality consists of a number of separate fine streams. In 
eases, the apparent temperature rises to the extent of 10 to 9 
degrees Cent., and this is considered to be due to inter-reflection o} 
light between the various component parts of the stream, so tha; 
the conditions are not truly free radiating. 

The observation of the temperature of tapping streams from 
open-hearth furnaces presents no great difficulty. The steel js 
usually sighted upon as it passes over the end of the launder 
Fumes do not interfere to any appreciable extent. 

It is essential that readings be made on the center of the sid 
of the stream exposed to view, in order to obviate possible effects 
of polarization. Usually the lower part of the stream appears 
hotter when viewed from the side, probably because of reflection 
from the molten metal of the falling stream, and from the sur 
face of the metal in the ladle. The temperature of the metal is 
suing from the furnace is not usually constant from start to fin 


ish, and in some eases fairly wide variations occur. In 








order, 
therefore, to obtain a true indication, it is necessary to take th 
average of a number of readings. Temperature observations o! 
the slag during tapping, may be taken, but they are considered t 
have no great value. 

It is considerably more difficult to obtain a true indication o! 
the temperature of the stream issuing from an electric furnace. 
As in the previous case, it is usual to attempt to measure the ten 
perature as the stream passes over the launder, but as the contents 
of a small furnace are emptied into the ladle in about half a min 
ute, the smartness of the operator is tested to the utmost. In addi- 
tion, there are apparently, at times variations in temperature be 
tween the different portions of the steel forming the heat. It 1s 
impossible for an operator to tabulate a series of temperatures at 
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SCIENCE IN STEEL INDUSTRY 499 


ervals. and the best that one can do is either observe the 

ire of the hottest portion, or attempt to give an average 

The latter method introduces the human element to a 

extent. whilst the temperature of the hottest metal may 

. not bear any definite relation to the average temperature. 

or in the ease of the electric furnace, the slag comes over 

the steel, and it is a very easy mistake to confuse the one with 

er when sighting through the instrument. To minimize 

hanees of sighting on slag, the best position for the operator 

ther underneath the stage, towards the side of the slag pit 

ery risky position, not always possible) or to the rear of the 

im by the side of the furnace, sighting on the underside of the 

ream in each ease, but in these positions, there is the possibility 

vetting a false reading, on account of reflections from other 

nortions of the stream, and from metal in the ladle. An alter- 

native position is by the side of the stream. Fumes may interfere 

a greater extent than in the case of tapping open-hearth fur- 

‘es. It is considered that observations on electric furnace tap- 

streams are generally unreliable, although in some cases, 

vhen exceptional conditions obtain, the observer may be confident 
f his results 

Johns’? and Greenwood**® have observed that when teeming 

el into two or three molds through a trough, the apparent tem- 

perature of the ‘‘clean area’’, on the trough-surface near to the 

falling 

field is 


temper 


stream, is the same as that of the stream itself, but as the 
shifted further toward the end of the trough, the apparent 
iture rises, owing to the growth of a surface film having a 
ugher emissivity. It is claimed that the presence of readily oxi- 
dizable elements, such as chromium, accentuates this effect. The 
verage difference between the apparent temperatures of trough 
surface and ladle stream is 25 to 45 degrees Cent. Greenwood also 
compared the apparent temperature of the ladle stream with that 
{ the surface in the mold, in which fresh metal is continuously 


min xposed, and cooling at a minimum. He found that the stream 
ddi- ap] 


eared lower than the plane surface by an amount varying be- 


) 


1) and 65 degrees Cent. It was claimed that the rise in 
it temperature is again due to the presence of a surface film 


nNnar 
71) i? , 
WUAare] 


s, Journal, Faraday Society, 1918, 13, pt. 3. 


Greenwood, Journal, Iron and Steel Institute, Carnegie Scholarship Memoirs, 1923. 
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of oxide. These casts contained 0.5 to 1.5 per cent chrom 








might be suggested that the apparent temperature of a p 





face is the correct one, and that the ladle stream gives 





ings, but that this is not so has been shown by comparing t) 
observed drop in temperature of the steel when run into t! 





with the calculated drop in temperature. Greenwood calculated 


Lat 





that the temperature should be lowered by 30 degrees Cent. 





apparent loss 1n temperature as measured on (a) the ladle Strean 


} 
a 








and (b) the trough surface, was 30 and 70 degrees Cent. respec 


I 
tively. The readings on the trough surface were therefore con 


eluded to be high. 
It is when one attempts to obtain a true indication of liquid 
steel temperatures, whilst the steel is still in the melting furnace 




















that the createst troubles are encountered. These are mainly eaused 
by the variability of furnace conditions. 





Considering the open-hearth furnace first, access to the stee 





itself is impossible, and observations may only be made on th 








surface of the slag, or on some part of the brickwork of the fur 





nace interior. It is obvious that unless the conditions of workir 








are constant from heat to heat, no definite relation between the ay 





parent temperature of the slag or brickwork can exist. Actually, 
by altering the working conditions, it is possible to obtain tl 

slag either hotter or cooler than the bath of steel. In addition t 
this, for the readings on the slag surface to be of any value, th: 














conditions under which they are made must be reproducible, a 
this is by no means a simple matter. 








Among the conditions which influence the apparent tempe 





ature of the slag surface in the furnace are the following: 





z The variable de parture from black body conditions cause 
by the opening of the door. The area near to the door will be most 
affected, and so much so, that Johns has stated that with the gas 
off, the conditions closely approach to that of a free radiating sur 














face. Away from the door, the effect gradually diminishes wit! 
distance. 











2. Reflection from the brickwork and flames. The apparent 





slag temperature may be increased or decreased by radiation fron 
the brickwork, depending upon (a) their relative emissivities an 





es ¢ 


(b) their relative temperatures. With gas on, the apparent tem 
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of the slag is increased by reflection, both direct from 
es. and indirect from the walls. 

enwood has earried out an extensive study of the effect of 
from flames, upon pyrometric observations, and he con- 
that the average difference of temperature of the slag, with 
and ott, is 32 degrees Cent. correct to + 10 degrees Cent. in 
cent of the eases. Our experience approximately confirms 
average difference, but we are of the opinion that there is an 
ereater variation than Greenwood found. It is considered 
se to eliminate the effect of flames, by making observations dur 
reversals, When the furnace is clear for a brief period. Un- 
rtunately, this limits the frequency of useful observations to 
of the reversals, i.e., about every 20 minutes, towards the end 

neat. 

The position of the field and viewing angle. A constant 
| and viewing angle should be adhered to, to ensure comparative 
lines. The temperature of the extreme ends of the furnace 
tuates with the direction of the gas, so that observations should 

referably be made through the center door. 
It may be considered that much has been said with regard to 
ise of the optical pyrometer, but as hitherto it has provided 
e only quantitative manner of dealing with the temperatures of 
ten steel, it was felt desirable to discuss its limitations 
oroughly. It fails, not so much in its utility for ensuring con- 
itive similar temperature effects in an individual works when 
he observations are made by one operator, but rather loses its 
value when attempts are made, as is being done at present, to 
provide essential data of universal application, derived from a 
imber of different works. The manner of use is so important in 
ts bearing upon the figures given. 
fortunately, from the practical point of view, the skill of the 
est melters, in empirically judging, not only the temperature 
iroughout the process, but also the finishing temperature, is so 
onsiderable as to enable the reproduction of standard conditions 
practical accomplishment. The difficulty is that until the pyrom 
of high temperatures is more developed, the effect of tem- 
ture cannot be stated in a sufficiently quantitative way. The 


D 
tl 


rs “‘instrument’’ is provided for him in the slag, the composi 


and temperature of which he controls, and thus by studying 
















































































eood 


which his furnaces are constructed is also a valuable cui 
Attempts have been made from time to time to dey 
apply the theromocouple method, but 


neces 


Krom the practical point of view, spoon samples are 


various sizes, from the liquid metal bath and judged in yar 


ways. 


characteristics of the metal and slag, and provides much use! 


forms 


A larger spoon sample is sometimes employed and 
havior of the surface of the liquid steel studied. 


vuide. 


sary. 


[he normal sample after cooling out, is studied 


ition. 


The behavior. too, of the refractory mat 
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its physical characteristics and general appearance, he 


much 


BS. 2 


more 


The 


’ 
i 


WO! 


iu 


test, so called from the appearance of the liquid metal surface. 
valuable since the length of time the 


absolute uniformity of the conditions, particularly as regard 
temperature of the spoon. 

It will, however, be perfectly clear that the serious attentio 
of technologists must be directed to this question of taking 4 


titative observations of temperature. 


™Fusion **points”’ 


Fireclay 
Silica 
Magnesite 
Chromium 
Bauxite 
Zirconia 
Alundum 
Carborundum 






Degrees Fahr. 


2910-3130 
3000-3090 
3630-3810 
3520-3720 
2910-3270 
4350-4710 


3720 


‘*mirror”’ | 
does give at least an empirical idea of the temperature of the ste 
in the furnace; unfortunately the practical conditions d 


decomposes at 4060 


(To be continued in April issue of TRANSACTIONS) 


surface is retain: 


Degrees Cent. 
1600-1720 
1650-1700 
2000-2100 
1950-2050 
1600-1800 
9400-2600 
2050 

2240 


‘ 


iS 


? 


**mirror’ 


"7 
ta 





is 









Educational Section 
e Articles Have Been Selected Primarily For Their Educational 
And Informational Character As Distinguished From 
Reports Of Investigations And Research 


THE CONSTITUTION OF STEEL AND CAST IRON 
SECTION II—PART VII 


: SIS O 


d { bstrac t 


This anstallment, the seventh of the present series, 
lescribes and illustrates the structure of the three 
nsition constituents in heat treated ste. l, martensite. 
oostite and sorbite. By means of representative photo 
i rographs, it is shown that under ce rtain conditions if 
is relatively easy to identify martensite and. troostit 
whe) Or’ urring in the SQN specime i) by thee diffe reMCE 
their appearance and etch ing ( haracte rest S. In 
ddition, sorbite usually can be diff re ntrated Jrom 
ranular pearlite in the same specimen, but in most cases 
7, ae 4 etre mely difficult to de tect sorbate in the pre SE VCE 
froostite in te mpere d steels. These ty pu al structures 
'so show that there may be relative ly great differences in 
ippearance im the same constituent as the result of 
ditke rent thee } mal tre atme nts, even though the Brine l/ 
irdness is the same. This de scription Of these threes 
metallographic constituents paves the way lor a con 
side ration of theorie Ss of harde ning whv h will be dis 
issed in the eighth installment. 


| has been repeatedly emphasized in previous installments that 
Vhen a medium or high carbon steel is cooled 


very slowly 
ough the lower transformation point, Ar, or Ar..,. the essential] 


iral change iS from austenite. a solid solution of carbon or 


enth installment of this series of 

ve already appeared in TRANSACTIONS ari 

*, 1926; January, February. April, June, 
1928; January, 1929, 


author, EF, 4 Sisco, direetor of the society, is Chief Ot Me tallurgi 
tory, Air Corps, War Department, Wright Field, Dayton, Ohio. 


He 
VVU5 
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If cooling through the Ar, point is accelerated 


the effect 


ture of martensite. 


temperature 


of 


likewise is all martensite. 


tified appearance. 
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and cementite (iron carbide, Fe.C 
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iron carbide in gamma iron, to pearlite, an ageregate 
ordinarily of parallel plates or laminations of ferrite 


zs 


il} 


iT 
< 


This is the norma 


from a structural condition of stable equilibrium above 


a 


and very rapid cooling results in 


\ 


structural condition of stable equilibrium below this point 


g . 


+ 


sorbite; still more accelerated cooling produces a structural 
tion known as troostite ; 


Krom the previous installment it is also 


and 


cent more carbon than the other. 


the 


resulting 


structure 


appearance; rather they are structural conditions. 


point; and having described their properties, the next st 


Le 


with extremely fast cooling this point may be depressed 
atmospheric 


results that is different from the familiar laminated pearlite. 
structure resulting from a slightly accelerated cooling is k) 


\\ 


Al 


represent conditions resulting in the passing of the structu 


] 


i 


that accelerating the rate of cooling depresses the Ar, point 


+ 
\ 


1] 


’ 
) 


I 


i 


ra) 


austenite stable above Ar, to laminated pearlite, stable below 
point. As each represents a transition it is evident that their 


stitution is exceedingly variable. 


austenite. Having viewed in detail the rate of cooling necessary 


produce these three constituents, sorbite, troostite and martensit 


this cooling rate on the lower transformati 


IS I 


become familiar with their structure and then pass on to the mor 
difficult task, their constitution. 

Before taking up the structure of sorbite, troostite and martensit 
in detail, it should be emphasized again that these three constit 
uents are not definite structural entities of fixed composition ai 


Thy 
I 


} 
ry) 
Bul 


( 


tT} 


Kor example we may have a stee 


microscope is apparently all martensite. 


Under the microscope the two steels 


is not identical in constitution because one steel contains 0.90 


On the other hand, 
may have a steel containing 1.25 per cent carbon whose structure 


| 


(yi 
i 


identical: we know. however, that the martensite in these two ste 





\ 


containing 0.75 per cent carbon whose structure as viewed by th 


is 


per 


I 


Thus it is plain that martensit 


ance, while pearlite in contrast to this is of fixed composition 


0.85 per cent carbon) and usually of characteristic and easil) 


may be of variable constitution and oftentimes of variable ap 


In the seeond place we rarely are able to treat a specim 


? 


I 


ie 


a 


CONSTITUTION OF STEEI 505 

ting sorbite. troostite or martensite is not adulterated by 

the other constituents. For example we may heat treat two 

of high earbon tool steel so that the structure is apparently 

irtensite, as seen by the microscope; but the Brinell hardness 

may be 700 and of the other only 500. If the chemical com- 

tion of the two specimens is identical it is evident that in one 
artensite is contaminated by considerable troostite. 

In consequence of this, In examining and identifying sorbite, 

‘te and martensite, we must take other factors into considera 

beside the general appearance. Before we can state definitely 

, structure is troostite we should know first of all how troostite 

sually looks under the microscope ; and next we should know some 

ne about the physical properties of the material,—notably the 

“<Iness—also the chemical composition, heat treatment and the 

These things aid us in identifying the structure that we see 

n our polished and etched specimens of hardened, and hardened 


nc tempered steels. 


THE STRUCTURE OF SORBITE 


lf a steel containing about 0.90 per cent carbon is cooled very 
slowly through the Ar, transformation point, so that all of the 
normal changes take place, and if we examine a prepared specimen 


this steel with the microscope we will see the familiar laminated 
earlite, characteristic of this normal structural change. If the 
steel contains free ferrite (hypoeutectoid) or free cementite (hyper- 

itectoid) the excess constituent will segregate, during this normal 


hange, in slow cooling through Ar, into characteristic masses or 
as a network at the grain boundaries; in any case a free constituent 
1] 


be readily distinguishable with the microscope. This normal 
icture of laminated pearlite, either alone or with excess ferrite 


cyy’ ce 


mentite has been described and illustrated in detail in former 


‘| ipters, 


Now if cooling is but slightly accelerated through the Ar, 
int the laminations of ferrite and cementite making up the 
rlite are not so distinet. We still are able to detect particles of 
and cementite, but the familiar and characteristic lamina- 
s have almost disappeared. This structure, which we know as 
nular pearlite, has also been illustrated and described in former 


? 
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installments.*! In the Case ot any free ferrite or cementite 


we are still able to distinguish this excess constituent. but 


not be segregated into definite grains. In the structure knowy 


granular pearlite, the faster cooling rate has affected principa 
the appearance of the pearlite giving it a more or less eranulay 
form instead of its normal and characteristic lamellae, but has yo 
affected appreciably the appearance or distribution of th 
ferrite or cementite present. 


CXACeSS 


If cooling is still more accelerated a point is reached where th, 
ferrite and cementite making up the pearlite can hardly be resolve, 
at any magnification. In addition any free ferrite or cementit 
present, unless the excess Is very great, can be detected with oreadt 
difficulty if at all. Unless there is a large amount of the excess 
constituent present, there has been insufficient time in cooling 
this excess constituent to gather at the boundaries of the pearlit 
eralns or to become segregated into well defined masses, The CE XCOSS 
ferrite or cementite present will be entrapped—we might sa) 
almost emulsified—within the ground mass and we have the struc 
ture known as sorbite. 

The structure of sorbite is illustrated in Figs. 46, 47 and 4s, 
Fig. 46 is the structure of a one inch bar of 0.40 per cent carbon 
steel cooled in an air blast from 1500 degrees Fahr. In a trans 
verse section of this bar could be detected sorbite, eranular pearlite 
free ferrite, and lamellar pearlite with both fine and coarse 
lamellae. The area, photographed as Fig. 46, contains a few 
patches ot free ferrite, the white areas near the left side of the 
photograph; and a few small areas of laminated pearlite, one oi 
which ean be noticed near the ferrite grains at the left, and an 
other at the bottom of the photograph. The lhght gray areas nea! 
the top of the photograph, and also at the right and near the bottom, 
consist principally of granular pearlite. At the magnification used 

500) it is just possible to detect that these areas are made up 0! 
more than one constituent. The dark gray areas in Fig. 46, espe 
cially at the extreme top, near the center, and at the lower right, are 
sorbite. It would be difficult to resolve these areas into ferrite and 
cementite at any magnification. The Brinell hardness of this spec 
men, which structure is shown in Fig. 46, was 197. 

Kie. 47 is the structure of a small piece of a 0.50 per cent 


IV, Transactions, Vol 
, Vol. 18, Page 314 
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16—Photomicrograph Showing Sorbite, Granular Px arlite, am een gener ea ao 
srinell Hardness 197. 500. Fig. 47—Photomicr its SI “ aa rse 
Sorbite Brinell Hardness 235. x 600. Fig. 48 Photomicrograph Sha ens Patten 
| Sorbite. Brinell Hardness 229. XX 500. Fig. 49 ia ster montis a te aiswelie 
Martensite. Brinell Hardness 654. > 500. All Specimens Etched in Alcoho 
Alcoholic Picrie Acid. 
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carbon, 3.00 per cent nickel steel quenched in oil and ten 
1300 degrees Fahr. The structure here is a fine grained 





wholly free from laminated pearlite and almost free from 


pearlite. Due to the low percentage of carbon in this st 






are some small white particles of free ferrite present, 


l i th. 
particles are very small and well distributed in the sorbite ma; 
It will be noted that in Fig. 47 no distinct grains are prese 
the small particles of ferrite in what appears to be a unifom 


ground mass. The Brinell hardness of this specimen was 23 









Kig, 48 is the structure of a piece of 0.35 per cent carbor 
chromium-molybdenum steel sheet 0.125 ineh thick, cooled jy 
from 1750 degrees Fahr. The specimen was held at temperatur 
for nearly an hour to facilitate grain growth and was etched d 


i Clee 


} 


in alcoholic nitric acid before photographing. This structur 
wholly sorbite, no pearlite, nor free ferrite can be detected. 1! 


\ 


long time treatment has served to coarsen the structure and to « 








a grain-like appearance. The Brinell hardness of this specime 
was 229. 

It is quite evident from these three illustrations that sorbit 
may vary widely in appearance and in composition. In a ste 


containing 0.35 per cent carbon, we may have a little free ferrit 


present. We may, and frequently do, have granular pearlite and 














sorbite occurring together, and so nearly alike in appearance that it 
is almost impossible to tell one from the other. The formation of 
sorbite depends on many factors, the most important of which ar 
speed of cooling and the chemical composition. It is evident that 
in some alloy steels containing but 0.35 per cent carbon (Fig. 48 
we may have a structure consisting wholly of sorbite; on the othe 
hand, in other alloy steels or in plain carbon steels, there will be si 
much free ferrite present that some of it will be evident with the 
microscope. 

In order to be sure of identifying sorbite with the microscopt 
we should know something of the chemical composition, the hea' 
treatment accorded to the material, and its Brinell hardness. 
As we shall see in a few moments, it is relatively easy to distinguis! 






“Speaking accurately it is not correct to say that sorbite, troostite or martensit 
grained or coarse-grained. In most structures of these three constituents unless ¢ A 
overheated they have no visible grain boundaries. Compared with a typical fer! 

heat treated steels have no well-defined grains, as a rule. It has become customary, 

to speak of a structure as fine-grained or coarse-grained from the general size and d ut 
of the individual particles; so according to this somewhat inaccurate nomenclature Fig. 4: 
fine-grained and Fig. 48 is coarse-grained sorbite. 
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from granular pearlite compared with the difficulty of 


ng it when associated with troostite. 
THe STRUCTURE OF MARTENSITE 


fore viewing the structure of troostite, the transition eon 


eomine between martensite and sorbite,. it is advisable first 
familiar with the structure of martensite. Of the three 


ients that we are describing, martensite has the most char- 


ic and uniform appearance when viewed by the microscope. 

being closely related to granular pearlite, ranks next, and 
te is the most variable in appearance and the hardest to 
ntify positively with the microscope, especially when associated 


Tl sorbite. 
\lartensite is ordinarily formed when steel containing between 


165 and 1.25 per cent carbon is quenched from above the Ar, point 


eold water. If the steel is small in eross section the structure 


be practically all martensite.** This is the ease with small 


ols. less than one inch in eross section. When martensite is 


formed by drastic quenching in steels containing less than 0.50 per 
ent carbon there is frequently some free ferrite present, especially 
so in the low carbon grades. In very high carbon steels, above 1.25 
er cent, or in some alloy steels, particles of free cementite or other 
‘arbides can often be detected in the microstructure. 

In general, martensite in quenched high carbon steels appears 


i needle-like structure of which Fig. 49 is typical. This specimen 


vas taken from a half inch bar of tool steel containing 1.10 per 


t earbon quenched from 1650 degrees Fahr. in cold water. The 
ie specimen at much higher magnification is shown in Fig. 

The acicular structure is plainly evident. The Brinell hard 
ness of the specimen shown in Fig. 49 and 50 was 654. Steel of 
pproximately the same composition quenched from 1400 degrees 
ahr. in cold water is shown in Fig. 51. 


) (| 


This bar was 34 inch 
ameter and the area photographed as Fig. 51 was near the 
er. There is no doubt but that the martensite shown in Fig. 
‘ontains some troostite as the Brinell hardness was 514 as com- 
‘| with 654 for Fig. 49 and 50. 


Other structures of martensite are shown in Fig 


ry 


<) AD ¢ 

52. 53 and 
ee in a subsequent installment. martensite in hardened steels seldom is 
1 is usually an aggregate consisting principally of martensite, but probably 
austenite and troostite. 


| stee 
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Fig. 50—Photomicrograph Showing Typical Martensite Structure at High Mag 
3000, Fig. 51—Photomicrograph Showing Fined Grained Martensite Possibly 
inated by Troostite. Brinell Hardness 514. % 500. Fig. 52—Photomicrograp! 


. 

Troostite Forming at the Boundaries of Martensite Grains. <x 5600. Fig. 53—P 

rograph Showing Troostite Forming at Grain Boundaries and Within the Martensit 
500. 
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these three specimens the needle-like structure of the 


mass 1S characteristic. 
THE STRUCTURE OF TROOSTITE 


structure of troostite results from cooling at a rate faster 

hat necessary to produce sorbite but slower than the eritiecal 

rate when martensite is formed. As we shall see in a 

er installment the simplest way to produce a structure consisting 

holly of troostite is to quench to form martensite and then tem- 

er at about 790 degrees Fahr. (400 degrees Cent.). We ean also 

late the cooling rate in such a way that the Ar, point is de- 
pressed to 1100 to 1200 degrees Fahr. (600 to 650 degrees Cent. 

his ean frequently be accomplished by quenching small pieces of 

high carbon tool steel from above the Ar, point in oil. 

To examine the structure of troostite in its most characteristic 
form, the simplest method of preparing the specimen is as follows. 
Heat a relatively large bar—for example, 1144 to 21% inches in 
diameter—of high carbon tool steel to about 1600 degrees Fahr. 
about 200 degrees above Ar,) and quench in cold water. <A 
transverse section of such a bar will have a martensitic structure 
near the edge where the cooling rate was the most rapid; a short 
distance from the surface the cooling rate will be such that troostite 
is just beginning to form. A little further towards the center the 
structure will be all troostite and near the center of the bar the 
structure will probably be sorbite or even pearlite. 


This method of preparation was used for the specimens shown 
in Fig. 52, 53 and 54, exeept that the bar was heated to 1900 de- 
vrees Fahr. in order to promote the growth of large grains. Fig. 


02 shows the structure of an area about 14 inch from the surface 


of the quenched bar. The grains are martensite with troostite be- 
cinning to form at the grain boundaries. Just adjacent to the 
area shown in Fig. 52 was the area photographed as Fig. 53. The 
troostite occupies a much greater area than in Fig. 52 and 
formation of this constituent within the grains is shown. 
The appearance of troostite is shown in detail in Fig. 54. 
s is the same specimen and in approximately the same loca- 
as that shown in Fig. 52 but at 2000 diameters. At this mag- 
tion the duplex character of the troostite is evident. It is not 


dle to state whether the light colored particles within the 


on 
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Fig. 54—Photomi rograph Showing Complex Structure of Troostite ; 
2000 


Cr 


dark areas clearly evident in Nig. 54 are actually troostite or not 
Mig. 54 shows clearly how troostite forms at the boundaries, Ty 
o4 has formed at the junction of 
the grain boundaries ean be detected 
common junction directly through the center 
of troostite. 


troostite shown in Fig, three grains 
of martensite ; running to 


of each extending an 


It is quite easy to detect troostite when 


associated with mar 
tensite due 


to the difference in etchine char 


acteristics. Troostit 
etches much more rapidly and 


is stained much darker than mar 
tensite, as is evident from Figs. 52. 53 and 54. This serves to d 
tinguish with certainty any troostite that 


same conditions as illustrated in 


has formed under th 
these three photographs. Whe 


martensite is formed by quenching and troostite formed by r 


heating or tempering this martensite, it 
identify it positively. 
men 


is much more difficult 
Mig. 55 shows such a structure. This speci 
was taken from a half ineh bar of high earbon tool ste 


quenched from 1500 devrees ahr. in water and tempered at Si 


h mar 
‘OOST it 
nm Mar 


TO CIs 


ult te 
speci 
| steel 


if Sst} 
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Photomicrograph Showing Troostite in Tempered Carbon Tool Steel Brinel] 

500 Fig. 56—Photomicrograph Showing Troostite in Tempered Nickel 

Brinell Hardness 352. Xx HOO Fig. 57 Photomicrograph Showing Troostite 
ckel-Chromium Steel. Brinell Hardness 363, 500, 


egrees Fahr. The Brinell hardness was 346. Theoretically this 
tructure should be all troostite. From the heat treatment and the 


resulting hardness we are reasonably sure this structure is troostite 


ut if we had only the metallographic structure shown in Fig. 55 
| did not know the composition, the heat treatment or the hard- 
ess we could not be so positive. 
Migs. 56 and 57 are specimens taken from gears of 0.40 per 
ent carbon, 2.00 per cent nickel, 1.00 per cent chromium, quenched 
n oil and tempered at 850 to 900 degrees Fahr. The Brinell hard 


ess of these two specimens is 352 and 363. Theoretically these two 


XT)" 


tures should be troostite. 


Now compare Figs. 55, 56 and 57 with Fig. 47, sorbite, and 
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Nig. 51 which is presumably martensite. The great 
between these structures is plain. Yet the steel shown 
which is probably all sorbite had a Brinell hardness 0} 
the steel shown in Fig. 51 which is fine-grained martensit 
contaminated by a little troostite had a Brinell hardness of 5); 
The troostite steels, Figs. 55, 56 and 57 had, as we saw. 
values of 346 to 363. 

It is quite evident that unless troostite forms under xs 
ditions that it is associated with martensite as shown in Fic 
and 53, it is very difficult to tell by microscopic examinat 
whether the structure is a fine-grained sorbite, a fine-grained 
tensite or troostite, and doubly difficult when one constit | 
curs in conjunction with another in the same specimen. In } 
treated steels containing considerable carbon, alloys, or bot! 
may have in the structure, martensite, troosto-martensite 


, troostit 
troosto-sorbite, sorbite, or granular pearlite. It is difficult to ide 
tify these various transition constituents definitely by microsco) 
examination alone; in order to be positive we should knoy 

composition, the heat treatment given to the material, and in ai 


case the hardness. 


SUMMARY 





Krom the discussion in this and the preceding chapter 
should be familiar with the characteristies of sorbite, troostite a 
martensite, the three transition constituents occurring in heat 
treated carbon and alloy steels. One of the important things 
remember in connection with these three transition constituents 
that they represent a structural condition that is more or less w 
stable. 

The normal structural change in cooling an iron-carbon allo) 
from above the Ar, point to atmospheric temperature is a chang 
primarily from the solid solution austenite, stable above Ar, to 
aggregate pearlite, stable below Ar,. With extremely fast coolin: 
martensite, the most unstable constituent is formed. Slightly slower 
cooling results in the formation of troostite and still slower cooling 
in the formation of sorbite. Troostite is a more stable structur 
condition than martensite, but less stable than sorbite, and sorbit 
is less stable than pearlite. 

Martensite, the most unstable structural condition is, of cours 
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est and strongest of the constituents and at the same time 


brittle. Troostite is less strong and hard and more ductile 


irtensite and at the same time more stable in structure. 


still more stable than troostite is less strong and hard and 
+1] 


luctile; and pearlite the stable structural condition of an 


arbon alloy below Ar. Is the weakest, softest and most duetile. 


‘rom this it is evident that heat treating a steel to obtain 


mum hardness results in the most unstable Structural condi 


If this is the ease it 1s plain that the steel will tend t 
nore stable structural condition 


O return 
at the first opportunity, and 
t] 


his return to stable equilibrium is accompanied by a decided 
luction In hardness and strength. These facts are the basis for 
theories of hardening and tempering to be discussed in sub 


ient installments. 


In examining heat treated steel] with the microscope it must 


emembered that martensite, troostite and sorbite represent a 


sition in structure from austenite to pearlite 


and as they are 
definite in composition and in the Way they are { 


ormed, they 


not be constant in appearance. | The martensite formed by 
‘hing a steel containing 1.25 per cent carbon will be different 
‘onstitution than that formed in quenching a steel containing 


i) per cent carbon. Under the micros¢ope these two structures 


iy or may not look alike. The martensite formed by 


1ag 


quenching 
per cent carbon steel from 1400 deerees ahr. may look 


y different from the martensite formed by 


‘OS 


quenching from 1800 


In addition. if the martensite in a high carbon steel contains 


troostite as evidenced by a lower hardness, it may or may 


resemble exactly the martensite that Contains little or no 


tite. And not only may some martensitic 


Structures look 
ery different from other martensitic structures hut in addition 
ensite 


may resemble troostite and likewise 1 


roostite may re 
sorbite. 


The point brought out, and illustrated in the foregoing pages 


In order to identify martensite. troostite 
Y we must take other f 


and sorbite with 
int ‘actors into consideration hesides the 
neral appearance of the structure: we should know the heat 
ent if possible. the chemical composition of the steel and 


case its hardness or strength. 
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Reviews of Recent Patents 


By NELSON LITTELL, Patent Attorney 
475 Fifth Ave., New York City—Member of A. S. S. T. 





1,696,603, Dec. 25, 1928, Carburization of Metals, George W. Hegel. of 
Schenectady, N. Y. and Gerald R. Brophy, of Niskayuna, N. Y.. Assignors 
to General Electric Company, a corporation of New York. 


This patent describes a method and apparatus for case carbu 
by the use of vapors of a carbon containing liquid. The apparatus eon 
prises a retort 10 which is set into the heating chamber heated by ¢] 


sistance elements 14 and into which the materials to be case hard 


dene 












placed. The top of the retort 10 is sealed by a cover 15 having a 





, VP 


Y 
TL | 
SOS 
‘ 


23 imbedded in the sand seal 22. The carbon-containing liquid which may 
be a petroleum product, or turpentine, or linseed oil and the like, is 1 
troduced into the retort 10 through the pipe 26 fed from the tank 24 
The pipe 26 is water cooled by the circulating coil 28 which prevents vapor 
ization of the oil in the pipe and prevents the formation of carbon which 
might otherwise clog the flow through the pipe 26. The pipe 20 provides a 
vent to permit slow eseape of the vapors formed in the retort 10, the 
escape of gas from the nozzle 21 indicating that the pressure in the 1 
tort 10 is sufficient to prevent the entrance of air into the retort. The 
patent states and claims that liquids containing carbon but lacking in 
oxygen are not good carburizing materials, and that these liquids should be 
energized by the introduction of energizers containing oxygen and 






ward ] 
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ven. Bone oil and nitrobenzene mixed with kerosene makes a 


carburizing atmosphere. 


1 697.068, Jan. 1, 1929, Manufacture of Irregular-Shaped Objects, Ed- 
wale F. Kenney, of Bethlehem, Pa. 

s patent deseribes the manufacture of an irregular shaped article, 

s ear wheels, which, while the forging is still hot, are subjected to a 

action to chill the heavy sections such as the rim and the 


out subjecting the thin flange to rapid cooling which might 


dangerous cooling strains. The heated car wheel coming from the 

dies is placed on the three rotating rollers and rapidly rotated 

the lower portion of the flange is immersed in the liquid in the 

k, and the upper portion of the flange is subjected to a spray from the 

17 and the hub subjected to a spray from the nozzle 18. As soon 

s the wheel is quenched in this way, the temperature is equalized in a 

cing pit above the biue heating zone but below the critical range and 
oled to atmospheric temperature. 


1,696,806, Dec. 25, 1928, Device for Treating Rods, Charles E. Lehr, of 
Bethlehem, Pa., assignor to Bethlehem Steel Company, of Bethlehem, Pa.. 
a corporation of Pennsylvania. 


Chis patent describes an apparatus for continuously treating rods 18 


h may be fed down the chute 23 and are held in notches 17 in the 


ing disks 16 and rotated along the wearing members 22 through the 


10. At the point of entrance into the tank, the rods are sprayed 


juid from the nozzles 27 and 29 to quench the same, and as the rods 
from the vat 10, the stationary arms 25 lift the rods from the 
17 and discharge them on to the platform 24. 
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1,697,820, Jan. 1, 1929, Harry O. Lang and John McGeorge. 


Pont 
Michigan, Assignors to General Motors Corporation, of Detroit. y 


a corporation of Delaware. 


lac 
ichigan 
This patent describes a revolving turret heat treating 
which shafts, such as axles and the driving connection betw 


ferential and the rear wheels of an automobile, may be treat: d 


maintained in a vertical position to prevent warping. The shafts § 
handled by gripping tongs 256 and are placed in and removed 


hardening and drawing furnace 12 and the quenching tank 14 as 


members rotate on the turret. 






1,695,337 and 1,695,338, Dec. 18, 1928, Carburizer, Frederick C. Lan 
genberg, of Watertown, Mass., assignor to E. F. Houghton & Company 
of Philadelphia, Pa., a corporation of Pennsylvania. 

These patents deseribe a new type of energizing material for 
hardening compounds and a new earburizer or case hardener. In the firs 
patent, the energizing material described and claimed consists of an oxyg 
containing salt of an alkaline earth metal and a salt of an alkaline met 
having nitrogen and oxygen in the acid radical. Specifically, the energ 
ing materials may be barium carbonate, calcium acetate and potasst 
nitrite. In the second patent, the new material may be a cobalt salt 


an organic acid, such as cobalt acetate and also barium carbonate 


1,695,430, Dec. 18, 1928, Agent for Cleaning and Imparting Rust-Inl 
bitive Properties to Steel, James D. Klinger, of Detroit, Michigan. 

This patent describes a cleaning and rust-proofing composition comps 
ing aleohol, citrie acid, sulphuric acid and acetone. The material 
painted or sprayed upon the metal and permitted to act for tw 


minutes and then removed by rinsing with hot or cold water. 
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THE ENGINEERING INDEX 


Registered United States, Great Britain and Canada 


Arrangements have been made with The American Society of Mechanical 
eers whereby the American Society for Steel Treating will be furnished each 
with a specially prepared section of The Engineering Index Service. It is to 
ie items descriptive of articles appearing in the current issues of the world’s 
ering and scientific press of particular interest to members of the American 
ty for Steel Treating. These items will be selected from the Weekly Card 
ex Service of the Index published by the A. S. M. E, 
In the preparation of the Index by the staff of the A. S. M. E. some 1,700 
estic and foreign technical publications received by the Engineering Societies 
rary (New York) are regularly searched for articles giving the results of the 
i's most recent engineering and scientific research, thought, and experience. 
this wealth of material the A. S. S. T. will be supplied with a selective index 
se articles which deal particularly with steel treating and related subjects. 
Photostatic copies (white printing on a black background) of any of the 
leg listed may be secured through the A. S. S. T. The price of each print, 
to 11 by 14 inches in size, is 25 cents. Remittances should accompany orders 
4 separate print is required for each page of the larger periodicals, but whenever 
ssible two pages will be photographed together on the same print. When ordering 
orints, identify the article by quoting from the Index item: (1) Title of article; 
(2) name of periodical in which it appeared; (3) volume, number, and date of 
blication of periodical; and (4) page numbers. 
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das Eisenhuet TESTING Production of So-Called “Y”’ 
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Ilerstellung der sog “VY"’.-Legierung), W 

and thermal in Claus and E. Kalaehne Giesserei (Duessel 

of electric dorf), vol. 15, no. 48, Nov. 30, 1928, pp 

structure ; 1200-1203, 3 figs. 


cuprous These alloys consist of 1.5 per cent mag 
nesium, 2 per cent nickel, 4 per cent copper, 
and 92.5 per cent iluminum, and belong to 
group of light alloys, especially to that 
group which can be annealed in cast state; 
results of tests with these alloys 


Chrome-Tung 
remperatures, 
fge, vol 
1556 and 


C. Lan lements upon ALUMINUM PLATE VS. TIN 


ympany Lat temperatures Has Tin Plate a New Competitor? L 
{ Sts ith heat-treated Mantell Iron fyve. vol 122. no. 25, Dec. 


at 1000 deg 20, 1928, pp. 1555-1556 


to machine or Employment of aluminum plate as substi 
promising for tute for tin plate investigated in Germany 
ressure WOPK influence of aluminum of 99 to 99.5 per cent 


purity on preserved food; Germans planning 

to erect plants; aluminum-coated | sheets 
: 5 light; technology of coating process; tin and 

UPERTIES Influence of Composition il alee tit my 1 ig tior wa 
\ ait 1 CO% igs compared ; question of 
\ ing on Corrosion and Increase : : I 


Aienetuesen (ietieemee dn Be their achieving popularity. 


ALUMINU™M 


e l’écrouissage sur la cor eo ade 
ssement du grain de l’alu BLAST FURNACE GAS 
llet and Ballay. Academie GERMANY. The Use of Gas in German 
mptes Rendus (Pa is), vol. Iron and Steel Works, Bansen Tron and 
1928, pp. 585-587. Coal Trades Rev. (Lond.), vol. 117, no. 3165, 
corrodes less than if only Oct. 26, 1928, pp. 616-617, 2 figs. 
re in aqueous hydrochloric Heating furnaces; various heating con 
cid, and 3 per cent sodium trivances; gas supply and requirements; gas 
; both metals behave alike production and_ utilization policy; qualifi 
nitrie-acid and sulphuric-acid cations of furnace worker: boilers for using 
of cold working is much surplus gas; calculations of production costs. 


rs who are making a practice of clipping items for filing in their own filing 
n extra copies of the Engineering Index pages gratis by addressing their 
ety headquarters, whereby their names will be placed on a mailing list to 


es regularly. 






















































































Pape read befor, World Power Fuel] Confer 
ence 

BLAST FURN ACES 

DOVET, TYP] Dove] Type Blast Fur 
nace Put on rest, J P. Dove} Blast Fur 
nae and Steel Plant. vol 16, no 12, Dec, 
1928. PP. 1555-1558 and 1570, 2 figs, 

Design and Operation of lMproved Dovel] 
type blast furnace, with double Skip-filled 
McKee top and stack “Upped with nine rows 
Of Dovel inwal] Cooling blo. ks, Principal ob 
ject’ of design being te Production Of flue 
dust ; furnace aft one of larg, Southern Iron 
ind stee] Plants js perated for six days on 
burden of Crushed or Procedure Stimulates 
horthern practice results of test are given. 

DISINTEGRATION Studies of Disintegra 
{ion = of last Furnace Bricks by Carbon 
Monoxids (Untersuchungen ueber die Zer 
stoerung yon Hochof, nsteinen durch Kohlen 
Xyd), E Diepschlag und K. Feist. Fever 
fest (Leipzig). no, 9, Sept. 1928, pp. 33- 
136, 

Review Of theories and literature On sub 
lect; § critica] analysis of suggested Causes : 
experimental] tests 


Of theo; ies, 


BLOOMING MILES 

TR ANSFER TABLES Chain Transfer 
Tables for Blooms Blast Furnace and Steel 
Plant, Vol. 16, no, 12. Dec. L928. Pp. 1559 
and L570, 2 figrs, 

Routing from shear to four distinet oper 
ations “ccomplished at new plant of Timken 
Stee] and Tube Co. by chain transfer tables, 
thus allowing special treatments necessary jn 
Production of alloy-stee] blooms In quantity ; 
design of transfer table and Operating con 
trol are discussed. 


BOILER PLATES 


MANI FACTURE. Making Large Plates of 

OY Steel, C. Me Knight and W. qa. Hump 
ton lron Age, vol 122, no. 24, Dee. 13, 
1928, Pp. 1499 1494, 4 figrs. 

Manufacture of steel] plates for locomotive 
Willers Is described : Steels having hicke] be 
Ween 2 and 2 per cent without other alloy 
ing’ elements, Manufactured into large Plates 
between 4 and 1% in, thick ; Practices ap 
Plicable to Other alloy Steels and Other Sizes : 
splashing during teeming and chilling dur 
ing Stripping are avoided : chipped Slabs 
Cleaned of Scale 
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Introduction, dealing 
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be continued.) 
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1] figs. 
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(Verwandlungen der Beta-Phase im 
Kupfer-Zink), P. Saldau and I, 
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pp. 273-286, 5 figs. 

Boundaries of Beta-phase in copper-zine al 
loys were determined by tempering at various 
temperatures for 84 days followed by quench 
ing and examination of microstructure; dis- 
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dikatoren), H. Thiel Korrosion und Metall 
schut Berl /, VOl $f, no 


ij, July, 1928, 


Report fro Prussian Institute of Wate 


Soil and Ai Hygiene on use of Cushman 
ferroxvl and othe ndicators fe determina 
tion tf inequa t tT cor m intensity on 
surtace of non-t ! 8 t I 





ma>rts, particu 


ically, J. A. Murphy. Foundry, vol 
24, Dec. 15, 1928, pp. 1023-1024, 4 


> figs 


d and charging equipment ; 


materials carried in « larging buckets from 
ground-level storage direct to cupolas; trav 
elling scale car equipped with multi-beam 
scale rravit 


rage bins; in small foun 
dries scale car employed without use of 


DESIGN Th Calculation of the | 


é ALT p la, M 
hov I 2 and Steel Industry I 
2. no Se Dec 

Important theoretical considerati 


1OnS In 
volved in cupola design; new method of eal 


culation of useful height of cupola based 
on nature of heat distribution within cupola; 
sensible heat losses calculated; general heat 
balance during four hours of work; formula 
constant when working conditions 
constant ; 


seful 
Karnaouk 
ond.), vol 


remain 
advantages and disadvantages of 
Increasing Cup la height 


= 


OPERATION Operation of Cupola with 
Hot Blast Increases Operating Economy, F. 
K. Vial Fuels and Furnaces, vol. 6, no. 12, 
Dec. 1928, pp. 1667-1670 and 1690, 

Discussion of savings which may be ef 
fected by operation of ( ipolas with hot 
blast; experimental hot-blast cupola and _ re 
sults obtained Abstract of paper presented 
before Am sor Mech. Eng S 


ELECTRIC FURNACES 


Electric Furnaces for Calcium Carbide and 
Ferro-Allk vs, J White , African Inst. 
Elec. Engrs Trans Johannesburg), vol. 19, 
no. 10, Oct. 1928, pp. 198-207, 4 


i, ngs. 


Object of this paper is to describe in dé 
tail present methods of producing 
carbide and ferroallovs by means of 
furnaces; three-phase 


electrodes. 


INDUCTION Induction Heating of a 
Cylinder full of Pure Copper (Le chauffag 
par induction d’un cylindre plein de cuivre 
rouge), M. Mathieu. Arts et Métiers (Paris), 


calcium 
electric 


furnaces; continuous 


TRANSACTIONS OF 


THE 


Statement 


tween this » blem and 
irnace with hollow. cor 
tion of effective resistances 


power facto! nh ftunctions [ 


MELTING Melting B 
Furnace, J | } 


‘ 











LS, no. 6, Dee 192s, pp 159 
Types of electric melting 
mercial use are induction 
Turnaces; two operating cost 
given for induction furnace 
performance Of rocking-are 
foundry producing plumbers’ ¢ 
RESISTANT Industrial El 
N. R. Stansel Gen. Elec. Re 


12, Dec 1928, pp. 662-672, 26 


‘ 


Desirable properties of mat 
ire summarized; materia 


_ li 
for furnace resistors; use of 
material for furnace resistors; 
resistor circuit In Turnace; shapes 
clements. (Continuation of 





ELECTRIC WELDING 
RESISTANCE Welding I | 
Metals, P. T. Van Bibber. Ln V 
69, no. 24, Dec 13, 1928, p. 9 
Difticulties in electric resistar 





copper, brass, silver, and platin 
effect controlled to considerabl 
resistance of joints and this a 
variation in quality of weldir 
identical in shape variation 
voltage also serious drawl 
commercial spot welders dit 
transformer necessary. 


if : ul 


FURNACES 
ANNEALING NORMALIZING M 


Furnaces for Normalizing Sheets B 


nace and Steel Plant, vol. 16, 1 
1928, pp. 1571-1573 and 1578, 4 


Description given of equipment 
stalled for continuous annealing 
steel; metallurgical features art 
cussed; furnace 155 ft. long and d 
preheat, soaking, and _ cooling I 


burned through inducing burners Ww 
under high pressure as atomizing ag 
iliarv set of gas burners; thermal at 
tural changes as_ sheets progress t 
furnace. 


HEAT TREATING, GAS FIRED. |! 

As Production Equipment, E. G. de ¢ 
Vachy. (N.Y.), vol. 35, no. 4, Dec. 1928 
273-274, 2 figs. 

Heat-treating furnaces as important 
in production equipment; essential factors 
designing automatic gas furnact 

MELTING—PULVERIZED COAL Ss 
ficance of the Brackelsberg Furnace 
Iron Foundry, Especially in Prod 
High-Grade Cast Iron (Die Bedeut 
Brackelsberg-Ofens fuer die Elise 
P. Bardenheuer. Giesserei (Duesseld 
15, no. 47, Nov. 23, 1928, pp. 1169 


figs. 


MELTING—PULVERIZED COAL. B 
berg Rotary Furnace for Melting Ca lr 
and Malleable Castings (Der Bra g 
Drehofen zum Schmelzen von Gusst I 
Temperguss), P. 





Bardenheuer. 






HAI 


iMl 


iN 


ENGINEERING INDEX 


Results 
condensati 
phonic 
heret 
does 


Lreatn 


IRON ALLOYS 


MANGANESI Llron 
N. Krivobok I 
lL. 39, 634, Dec 2 28. p. 428 
Metallurgic: I Board t 
Ss. Bu 
nstitutior 
prop 


ing of 


)NESS TESTS | 
HARI rHERMAL EXPANSION mal Expan 


n i thermische 


Institute 
thermal ex 
IMPACT TESTING and 
D BAR 


IRON CASTINGS 


BLAST FURNACE PRODUCTION Blast 
Furnace tal for Castings, iF Tron 
lye, vol 22, 0 24, 3, 1928, pp 
1091-1502. 


Question <« \ bl: irn ean 
‘ 


vements, 
nvestigated 
test 


compete witl iD foundry s discussed; 
inalysis ditio in ists involved; 
two 10-hr. ift lay indry recom 
mended; foundry-eq : ings; unit 
costs tied up with uantitv:; u if direct 
last-furnace met: , ro mn of castings 

from 

by foundry 


INGOT IRON 


WASTERS Waster Casting their Lesson 
and their Prevention, A } McR. Smith 
Foundry Trade Jl Lond.), vol. 39, no. 634, 

Dec. 13, 1928, pp. 429-430 
Consideration 0 ises of wasters in dif 
ferent classes, since ich has its own partie 
IRON ular types of defects; chief faults in build 
ers’ castings mostly consist of molding faults; 
finish is important in domestic castings; gen 
eral machinery castings should be capable of 


Phenomena (Ueber 
\ Thiel and 
Vetallschutz 

1928, pp. 169 


being machined all over, without any sign 
of dirt, blowholes and other defects; for 
pressure castings, corre¢ nposition of metal 


Is requisite ; scheme cal lation Of Waste! 


castings, 


IRON FOUNDRY PRACTICE 
(La 
Fonderie Melting Plant and Appliances in 
10, 1928, pp Iron Foundries, J McLachlan and 
Otto Iron and Steel Indust) ond 
expansion ot 2, no. 3, De 1928, py , gs 
heating and its Design of charging pli s and hoists, 
under various considerations which have profound influence 
on economy, is discussed; protected staging 
for melting unit; mixtures and methods of 


REMOVAL of Organic Sul charging; cupola plant in German foundry 


] 


\ s for Chemical Removal of Rust relative merits of hand and automatic charg 


organischen Sulfosaeuren ing (Continuation of serial.) 
Entrostung), O. Merz. Consider Iron Melting Practice Foundry, 


mewitrtschaft (Berlin), vol. vol. 56, no. 24, Dec. 15, 1928, p. 1019. 
1928, pp. 394-395, 1 fig. Review of meeting of National Founders’ 















































































































































































































































































































































































































































































































































































































































Association in New York with abstracts of 
papers; Automatic Blast Gate Control for 
Cupolas, H. V. Crawford; Melting Practice, 
H. M. Lane; Foundry Costs, J. L. Carter; 
Foremanship Training, K. A, Hartley 
IRON AND STEEL 

UTILIZATION ELECTRIC INDUSTRY 
Iron, Steel and Ferrous Allovs in the Ele« 
trical Industrv, J. G. Pearce Eleen, (Lond.), 
vol. 101, no, 2635, Nov. 30, 1928, pp. 604 
606, 1. fig 

Wide use of cast iron; competition of 
fabricated steel; electric and magnetic con 
siderations; electric furnaces and _— special 
steels; new heat-resisting non-scaling steels 
tungsten steel for permanent magnets, 
IRON AND STEEL INDUSTRY 

RAW MATERIALS GERMANY. Raw 
Material Supply of the German Iron and 
Steel Industry (Die Rohstoffversorgung der 
deutschen Eisen = schaffenden Industrie), H. 
Niebuhr. Stahl und Eisen (Duesseldorf), vol. 


48, no. 48, Nov. 29, 1928, pp. 1672-1674 
Statistical data on supply of ore and scrap, 


based on committee report. 


IRON AND STEEL PLANTS 


ELECTRIC FURNACES. The Electric 
Furnace in the Different Plants of the So 
ciété des Aciéries Firminy (Le four éle¢ 
trique dans les diverses usmes de la Société 
des Aciéries de Firminy), R. Sevin. Jl. du 
Four Electrique (Paris), vol. 37, no. 11, Nov. 
1928, pp. 335-337. 

Description of electric furnaces at various 
plants of steel company; generating units, 
steam power, electric apparatus, and rolling 
mills are also described. 

FUEL ECONOMY. Fuel Control in Forge 
and Rolling-Mill Practice, H. C. Armstrong 
Tron and Coal Trades Rev. (Lond.,), vol. S37, 
no. 3170, Nov. 30, 1928, pp. 791-792, 3 figs. 

Recording fuel consumption; maintaining 


furnace definite 
ficiency ; increase 
intermittent 
rect « 
tion ; 
before 


at temperature ; 


in fuel 


thermal 
consumption 
working; tests to ascertain 
onsumption ; control of steam 
value of constant pressure. 
Inst. of Fuel. 
FUEL ECONOMY. 
Steel Plants. Jron 
Dec. 20, 1928, p. 
Review of meeting of (British) 
of. Fuels in London with abstracts 
fuel oil to be used economically 
rectly atomized, M. J. 
trol in Open-Hearth 


et 
with 
cor 
consump 
Paper read 


Controlling 
Age, vol. 122, 
L585. 


Fuel in 
> 


no, 25, 
Institute 
of papers ; 
must be cor 
Conway; Fuel Con 
Practice, J. L. Bentley ; 
Fuel Control in Forge and Rolling Mill Prac 
tice, H. C. Armstrong; Fuel Control in Hot 
Blast Stoves, J. B. Fortune. 
FURNACE INSULATION, 
sulation in the Steel Plant, L. 
and J. D. Van Valkenburgh. 
and Steel Plant, vol. 16, no. 
pp. 1560-1566, 11 figs. 
Utility of insulation 
steel plant is discussed ; 
diation; factors 
direct 
thickness of 
furnace and accessory 
tion on blast furnace and accessory equip 
open-hearth and soaking pit, rolling 
furnaces and equipment, annealing and 


Value 
B. 
Blast 
12, 


of In 
McMillan 

Furnace 
Dec. 1928, 


blast 
heat 
governing 
savings in heat 


in furnace and 
wasted by ra 
insulation thick 
loss; economical 
insulation; insulation on blast 


of insulation; insula 


ness ; 


ment, 
mill 
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normalizing 


mains, Se 
ing. vol. 1 
1458, 11 fi 


S. 


furnaces, 
ilso He: 
no. 12, 


4, 


or 
>. 


Zz: 


and 
it Tr 
Dec 


MALLEABLE IRON CASTINGS 


Malleable Cast Tron, C. H 
Steel Industry (Lond.), vol 
1928, pp. 89-90 and 04, 1 

Practical details of ann 
heart castings, most impor 
manufacture of malleable 
tages of gas-fired furnaces : 


regeneratior 


1, great 


stalling gas-producer \ 


p 
t 
Ca 


advantags 


Init in ¢ 
furnace; modern types of 
naces; systems of charging f 
tinuation of serial.) 
MANGANESE STEEL 

Pure Manganese Makes Interes 
Tron Age, vol. 122, no. 24, De 
pp. 1499-1500, 2 figs 


In 
ganese unde 
Research, (¢ 
manganese 
of unusual 
Americans 
carbon-free 
responding 
vacuum dis 
L. V. Gayl 
Inst. in 
METALS 

ENDURA 
of 
of 
Soc. Mech. 
136, Aug. 

Electrical 
subjected = t 
measured 1 
relation be 
limit 
(In 

FATIGUI 
Metals. 


3279, 


Nov. 


Determining 
Measuring 


r Way 
‘arnegie 
metal and 
purity were 
prepared 
alloys 
low 
tillation 
er before 


at 


mu 


mH 


1927. 


NCE TEST 
Endut 
Electrica 
Engrs. 
1928, pp. 

resistance 
or 


tween new 


The 


Engineering 


16, 1928, | 


repeated 
different 


research into alloys of 
Bureau of 
Institute of 


iron 


prep 


99.99 
ch toug 
carbon 


i 
ethod 
( Brit 


ING 
“ance 


| Res 


46 
in 
bet 


ly ol 


Mang 


are 


I’ 


langane 


descr 
) |i 


stance 


Jl., (Tokyo.), 
447 


6, $i 
steel 
iding 


serve 


and Shore’s hardness numbe 
English. ) 


Endurance Pr 


(Lond.). Vv 


yp. 


636-637 


A Ray 


Increasing 


Review of several papers dealing 


forms < 
pe ysed prese 
Testing 


ous 


Materials, 


f fatigue 
nted at 


to 
meeting 
June 25 


whi 


ch met 
Ay 


of 


to 29 


fatigue properties of cast iron; 


corrosion 


steels . Wea 


FATIGUE, 


and Sachs. 
Lond.), Nov 


Experiments 


fatigue 


r tests. 


The Na 
Metallurgi 
30, 


with 


1928, 


creep 


ture < 
ist (S 


pp. 


tests 


of Fat 


i 


upp. to 


173-1i 


single Cc! 


4 


Met: 


that fatigue only sets in after appre 


formation ; 
of har 
of mat 


gree 


tion 


of 
seems 
due to 


reversal 
there 
be 


terial, quite indepsndent 
Abstract 


ening. 
Zeit., Aug. 

HARDEN 
Metals, W. 


fa 


Newer 


und 
dening, 
erial, so 


shear stre 
to he evit 
breakdown 


25, 1928. 
ING. Col 
Rosenhain. 


cts which 


hardening 


b 


however, 
that 
plained on basis of reduction of resistance 


fa 


SSeS } 

lence 

in 
of 


translated 


1 and 


vy slip; 


retare 


tigue 


on « 
that 
struct 


is 
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Tat 
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degree 


from 


Hot 
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Vetallurgist 
Engineer, Lond.), Nov. 30, 1928, pp 
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ROT 
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hluimn, 
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rains 1s made 
] measure 

oper; strain 
by usé ot 

treat 

graph 


bi 


lectrical Be 
nood of the 
W. Meissner 
Institut In 


Vanthly Bul., vol. 9, 


bS84-3 


inder 


is 4 


xs 


normal pres 


” deg. abs 


resistance and thet 
has not vet been 
certainty theory of 
isurement 
mild ha 
helium, : 


t 


s contirmed 
ve extremel\ 
ilthough this 


ommensurably small 


t 


1927 


or 


ler ( 


ess in 


International Ae 
1928 (I 


lA 
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meth 
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ques 


nat 


rg 
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lie gesamte 


Metal Test 
ronautic Ex 


2s recents proges 


la 11 
itique 

Ri / 
11, Ne 


ind n 


as exhibited at 
mechanical, 


genetic, 


STRAIN 


I 


gure 


FIGI 


and 


RES 


Its 


EK xposit ion 
29 Juin-15 
ue de Metal 


Vv, 1LOZ8, pp 


iachine used 
Paris aero 


micrographic 


chemical and other 


The Prop 
Applications, 


itures of ul I referred 1 
stress distributi from il f optical de 
termination connection — be 
tween strain figure and yielding point (In 
Japane St ) 


METAL WORKING 
Welding Facts and Figures, Richardson 


ind | W Birch Wel ld + - ee. 2 rk 


ys 
302. Nov 1928, 29 


General machining operations } 


rT 


adly clas 
sified ; characteristics 1 commercial cust 
irons and steels; grading of tool steel; in 


fluence of carbon in Cast iron 


METALLOGRAPHY 

Metallography Simplified for Practical Use 
in Shop, |! Preuss, G. Berndt and M. \ 
Schwal Tron Trad R . vol 83, no 24, 
Dec 13, 1928, 1496-1498, 10 figs 

Structural ges Which take place in 
steel when it is forged are explained; nu 
merous photomicrographs illustrate type of 
structures encountered in- steels of various 
carbon contents; steel must be annealed first 
if carbon content is to be estimated from 
microg aph ; n overheated steel ind steel 
cooled too fast after casting, carbon content 
easily is estimated too high; after proper 
innealing structure is homogenized and esti 
mate carried out is reliable (Continuation 


of serial.) 


METALLURGICAL PLANTS 


CHEMICAL ANALYSIS Methods of Chen 
ical Analysis in Iron and Steel Works (Les 
mé¢thodes d’analyses courantes dans les usines 
métallurgiques), L. Persoz Revue de Chimi 
Industrielk (Paris), vol 37, no. 442, Oct 
1928, pp. 327-329 

Determination of molybdenum, titanium, 
copper, aluminum, uranium, and zirconium 


MONEL METAL 


Monel Metal (Ueber das Monel-Metall), A 
Schulz Zeit jue Vetallkunde (Berlin), 
vol. 20, no. 11, Nov. 1928, pp. 403-406, 4 
figs. 

Part 1: Notes on electric and thermal 
properties and magnetostriction. Part 2: 
Magnetization curves of Monel metal. 


NICKEL 


ANALYSIS. Standard Analysis of Nickel. 
( he me. England and Vin. Re Uv. ( Ve lbourne De 
vol. 21, no. 241, Oct. 4, 1928, pp. 33-35. 

Details of laboratory methods, as furnished 
by Munitions Supply Board, Commonwealth 
Dept. of Defense. 


HARDNESS. felation of Impact Hardness 
or Nickel to Tempe rature (Ueber die Ab 
haengigkeit der Fallhaerte des Nickels von 
der Temperatur), F. Sauerwald. Zeit. fuer 
Vetallkunde (Berlin), vol. 20, no. 11, Nov. 
1928, pp. 408-409, 1 fig. 

Impact hardness of nickel begins to de 
crease to greater extent at about 300 deg. 
cent. and shows at 450 deg. maximum value; 
first fact, as well as tensile tests, lead to as 
sumption that magnetic point of transforma 
tion has influence on mechanical properties ; 
second fact leads to assumption of presence 
of blue-brittleness phenomena. 
















































































































































































































































































































































































































































































































































































































RAILS 

STEEL—-HEAT TREATMENT. Heat Treat 
ment of Rails, Marcotte. Vetal 
to Engineer, Lond.), Nov. 30, 1 


168. 


irgist (Supp 


l 
928, pp. 167 


Notes on heat treatment of rails as means 
of improving their behavior in service, with 
particular reference to undulatory wear on 
street railways 

STEEL -ROPERTIES Mechanical Prop 
erties of British Rail-Steels, W I Dalby. 


Instn, Civil Engrs Pre (Lond.), vol. 227, 
part 1, n $690, 15 pp., 31 figs. on supp 
plates 


Continuation of work described in author's 


paper on ‘“‘Mechanical Properties of Steel,” 
with special reference to mechanical proper 
ties of steels used for rails on British rail 
wavs; no-load-to-fracture diagrams in com 
parison ; push-pull diagrams; torque twist di 
agrams; elastic diagrams; microphotographs 
if inner structure; slipping stress; stress in 
rail 


rTRANSVERSI FISSURES—-DETECTION 
Transverse Fissure is No Longer a Hidden 
Menace Ry. Eng. and Maintenance, vol. 24, 
m 12, Dec. 1928, pp. 521-526, 11 figs 

Newly developed device for finding con 
cealed defects in rails; Sperry transverse 
fissure detector developed tor, ind with co 
operation of Am. Ry. Assn. and Am. Ry. Eng 
Assn.; general description of new equipment ; 
principal units of detector equipment; electri 
equipment and circuits; how equipment de 
tects defects: makes paper record of all de 
fects; first service run of equipment; Inans 
cooperated in developing detector car; second 
cat now engaged in commercial worl 
changes in newer car. 

WEAR Effect of Condition of Track on 
Wear of Rails (Einfluss det Bescha ffenheit 
des Gleises auf die Abnutzung der Schienen), 
L. Lubimoff Organ fuer die Fortschritte des 
EKisenbahnwesens (Munich), vol 83, no. 20, 
Oct. 15, 1928, pp. 238-442, 3 figs 

Brief report on series of observations on 
three main railroad lines in Russia; effect 
of condition of ballast, ties, slope of rails, 
composition of rail steel, et 


ROLLING MILLS 

ELECTRIC DRIVE The Electric Driving 
of Rolling-Mills. Vech. World (Manchester), 
vol. 84, no, 2186, Nov. 23, 1928, pp. 492-493, 
4 figs. 

General description of electric-drive — re 
quirements in rolling mills precedes details 
of new electrically driven plant recently in 
stalled by Appleby Iron Co.; direct drive 
most suitable form for non-reversing mills; 
special types of starters; speed regulation of 
driving motors; special types of motors built 
for reversing rolling mills; switchgear. 

ELECTRIC DRIVE, Studies of Power Re 
quirement in Continuous Rolling Mills with 
Electric Drive (Kraftbedarfsstudien in durch 
laufenden elektrisch angetrieben Walzentras 
sen), A. Werth. Archiv. fuer das Eisenhuet 
tenwesen (Duesseldorf), vol. 2, no. 5, Nov. 
1928, pp. 301-308, including discussion, 16 
figs 

Notes on differences in power requirement 
of mills of similar cross-sections; explana 
tion of term, specific productive rolling work 
(bezogene Lastmehrarbeit), by which is un- 
derstood that work that roll motor has to 
perform in excess of work at no-load; results 
of tests. See abstracts in Stahl u.-Eisen, vol. 
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ngs. 
STEEL 
CAST VS. FORGED 


Qy 

Forged Steel, S. V. Be 

lop omuschiennost UV g 

July-Aug. 1928, pp. 55-64 
Comparative experin 

forged steel; cast steel 2 

heat treatment: forging 1 


to steel; superiorit f 
heat treatment accom 
Russian. ) 

HEAT TREATMENT I 
Ing Temperature and Tim: 
Upon the Internal Stresses 


Mild Steel, E. Murata S 
Jl. (Tokuo), vol. 31. n ] \ 
566-390, 12 figs 

Write has measured | 


stresses in cold mild 
ous temperatures and d 
and also aging, by Heyn’s 
optimeter (In Japanese 


HEAT TREATMENT H 


Steel, H. M Bovlstor RB 

Vetal Sec.), vol. 1, no. 5, O g 
14 

Heat treatment of struc 
importance of heating stes \ 
Ac-3.2 temperatures; full am 


tural steel: patenting; q l 
Ing operations 5 precaut I 


in quenching operations ; 
HEAT TREATMENT—CRITI 

Critical Points of Pure lh 

bon Steels, T. S. Kogaku S 


JS] (Tokio), vol. 31. n 


pp. 914-917. 
Critical points of pure 
bon steels studied: degree of 
supercooling of critical } 
to different rates, determin 
in equilibrium condition 
equilibrium diagram of it 
constructed, (In Japane se.) 
HEAT TREATMENT—9 U E N ¢ 
Quenching, H. C. Kner B 
(Metal See.), vol. 1, no. 5, Oct J28 


Fallacy of absorption tl 
mediums; importance of ce 
rate of cooling during quenching 
entails greatest number of 
heat-treating operations 

MAGNETI TESTING W \i 
Testing Reveals, A. v; cle I 


vol 122, no. 25, De 20, 1928 
1574. 

More knowledge oT init 
tinuity of steel gained; fa 
methods of test bring out; 
tests. Paper based on con 


senting motion pictures of 1 
fore Am. Iron and Steel Inst 
PROPERTIES. Grain Size Controls 
ness, T. W. Hardy. Jron Age, 
25, Dec. 20, 1928, pp. 1557-1562, 9 
McQuaid-Ehn test necessa} 
between heats of steel with s 
inalysis yet responding different 
production; close chemical ¢ 
electric process; hardening | 


grained versus coarse-grained s s 


machining quality of coarst 
mechanical properties of fin 
most important property is wide 
range in heat treatment. 








HEAT TREATMENT DEFINITIONS 


“pNTATIVE DEFINITIONS OF TERMS RELATING TO HEAT 
TREATMENT OPERATIONS 


vear the Joint Committee on Terms Relating to 
Operations has added additional definitions to. the 
pared by the Joint Committee and which is published 


NDBOOK, page 71. These additional definitions ar 


mmended by the Joint Committee that all of the defi 
tentative form for at least another year. The Joint 

of 3 representatives from the American Society for 
representatives from the American Society for Testing 
representatives from the Society of Automotive Engineers. 


epres ntatives are: J. Mletcher Harper; W. J. Merten and 


definition ot the term ‘fannealing’’ definitions ot thx 


ling’’ and ‘* process annealing’’ to read as follows: 


aling.—Heating iron-base alloys above the critical temperature 
lding above that range for a proper period ot time followed 
ling through the range. 


~ 


ees Fah (55 degrees 

range, and the time of 

f section of the heaviest 
rrdinarils illowed to cool 
oved from the furnace, and 


ng as compared to un 


ling.—Heating iron-base alloys to a temperature below or 


lower limit of the critical range followed by cooling 


commonly applied in the sheet and wire industries 


ised are tron 1020 1 1200 degrees Fah (550) te 


after the definition of the term ‘‘normalizing’’ a definition 


‘patenting’’ to read as follows: 


Heating iron-base alloys above the critical temperature range 


cooling to below that range in molten lead maintained at 


ure of about TOO degrees Fahr. (365 degrees Cent. ). 


ent is usually applied in the wire industry either as a finishing 
especially in the case of eutectoid steel as a treatment previous to 
re drawing Its purpose is to produce a sorbitic structure. 
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News of the Society 


THE WESTERN METAL CONGRESS AND WESTERN SsTATEs 
METAL AND MACHINERY EXPOSITION 


Los Angeles, January 14-18, 1929 


nace gratifying were the results of the first Western Met 

. and Western States Metal and Machinery Exposition held in t Shy 

Auditorium in the city of Los Angeles, January 14-18, 1929, 
The Exposition under the direction of the American Society 


Treating was the first of its kind ever to be held in the West 












and 
splendid response both by the Exhibitors and the interested public, 


+} Ty 
| i 


sition proved to be more successful and interesting than 
optomistic had hoped. 


even tl 


[It surely must be a source of great satisfaction to the momb 


Los Angeles Chapter and especially to those members who served go di 


and willingly on the various committees on arrangements, to know 

efforts were so instrumental in bringing about the success of this eon) 
The Congress was sponsored by twelve technical societies and associat 

and proved to be of great interest to the the technically inclined—the 


an average attendence of between 200 and 300 at each of the 


ten tech 
sessions held throughout the week. The program of the Congress was \ 






diversified, having an appeal not only to those interested in metals, but 


interested in the oil industry as well. Much interesting and valuable dis: 





sion followed the presentation of papers. The morning sessions wer 





in the musie room of the Hotel Biltmore, and the afternoon sessions 


held in the meeting room of the Shrine Auditorium. In the preparation 








the program for the Western Metal Congress we are indebted for the spl 
support and co-operation received from the western branches of the followi 
societies and associations: 
American Foundrymen’s Association 
American Institute of Mining and Metallurgical Engineers 
American Society of Mechanical Engineers 

American Welding Society 














California Division American Petroleum Institute 
Chamber of Mines and Oils 

Institute of Metals 

Metal Trades and Manufacturers Association 
National Purchasing Agents Association 

Pacific Coast Electrical Association 

Pacific Coast Gas Association 

Society of Automotive Engimeers 





+ 


More than 175 manufacturers and distributors of machinery, metals, 
heat treating equipment, small tools, electric units and oil well tools and 
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‘ 
t exhibited products ranging from the raw material te the finished 
This exhibition occupied somewhat in excess of 30,000 square feet 
tion space—filling the main floor as well as the lower floor of the 
Shrine Auditorium. The exhibits were novel and arranged in an 
sting manner as can be seen from the accompanying pictures of some 
exhibits at the show. The Exposition was opened at 12 noon each day, 
emained open until 10 o’eclock in the evening, with the exception of 
rsday, When it closed at 6:00 p. m., in order to leave the evening open 
informal dinner-dance at the Hotel Biltmore. 
‘hroughout the week 9,000 members and guests registered as in attendance 
Exposition, while there was a total attendance at the Exposition of 
than 50,000 people for the 5 days. 
In order that these members of the Society who were unable to be in 
udance at the first Western Metal Conference may have a glimpse of what 
pened during the week, we are publishing in some detail an account of the 
ents. The following is arranged in chronological order. In accordance 
method used in semi-annual meetings and the annual convention in 
‘ast, an accurately arranged time schedule was provided for the presenta 
n of each paper and the author and discussors were held to the time 
owanee for the presentation of each paper. 


MONDAY, JANUARY 14 


first technical session was called to order at 10:00 a. m. by Wade 
iumpton, chairman of the Los Angeles Chapter of the American Society 
Steel Treating. Mr. Hampton extended a cordial greeting of welcome to 
250 members and guests who assembled to hear the four papers which 
presented at this session. In response to this greeting, Dr. Zay Jeffries, 
esident of the Society, expressed his sincere appreciation to the members 
the Los Angeles Chapter of the Society and to those co-operating societies 
associations for their excellent support in arranging for the various 
ities during the week of the Western Metal Congress and Western States 
tal and Machinery Exposition. 
following these preliminaries, Professor W. H. Clapp, head of the 
partment of Metallurgy and Machine Design, California Institute of 
chnology, acted as chairman of the session. Four papers were presented 


+} 


following order: 


10:40-—-The Importance of Shops in University Training—Arthur B, 
Domonoske, executive head, Mechanical Engineering Depart- 
ment, Stanford University, California. 

t0-11:10—Some Observations on the Application of Mechanical Testing to 

Design—Prof. W. H. Clapp, Dept. of Metallurgy and Machine 

Design, California Institute of Technology, Pasadena, Calif. 

11:40—Heat Treatment of Dies, Tools and Gears—Jordan Korp, engi- 
neer, Leeds and Northrup Co., Philadelphia, 

t)-12:10—Design in Relation to Heat Treatment—Ray T. Bayless, Editor 


of TRANSACTIONS, American Society for Steel Treating, 
Cleveland. 
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ond technical session was held in the meeting room of the Shrine 
ind convened at 2:00 p. m., with 200 persons in attendance. 


was sponsored by the Metal Trades and Manufacturers Associa 


under the chairmanship of Carroll A, Stilson, secretary of the 


S 


Four papers were scheduled for presentation, all of which were 


by their respective authors. The papers were as follows: 


Foundry Sand Control—-A, A. Grubb, Mansfield, Ohio, member 
of A. F. A. Sand Testing Committee. 

Vickel-Chrome Alloy Iron—W. R. Shimer, metallurgical engi 
neer, Bethlehem Steel Corp., Bethlehem, Pa. 

Heat Treatment of Carbon and Alloy Steel Castings—J. KE. 
Donnellan, secretary, Recommended Practice Committee, 
\merican Society for Steel Treating, Cleveland. 

Furnaces—R. KE. Talley, president, George J. Hagan 


Pittsburgh. 
TUESDAY, JANUARY 15 


third teehnical session of the Western Metal {(ongress Was held in 
music room of the Hotel Biltmore and was called to order by Chairman 
W. Voorhees, mechanical engineer, Union Oil Co. of California, our 
rs were scheduled for presentation, all of which were presented by their 


ive authors and in the following order: 


10-30 Vetals and Alloys for Industrial Applications Requiring Ka 
treme Stability—Jerome Strauss, chief research metallurgist, 
‘anadium Corp. of America, New York. 

Valves and Fittings, Materials, Design and Application for 
High Pressure High T¢ mperature Oil Re fining ' 7: 
Maleolm, metallurgical engineer, Chapman Valve Co., Indian 
Orchard, Massachusetts. 

:30—Tendency Toward Higher Steam Pressures in Both Marine and 
Stationary Services, the Materials Available for the Construe- 
tion of Boilers for these Higher Pressures, and Some of. the 
Factors Involved in their Design—Robert L. Daugherty, 
professor mechanical engineering, California Institute of 
Technology, Pasadena, Calif. 

Heat Insulation and Refractories in Connection urth Furnace 
Design—Guy <A. Barker, manager of the industrial depart 
ment, Pacific Division, Johns-Manville, Ine., San Franeciseo. 


\bout 250 persons were present at this meeting. 


‘he fourth technical session, sponsored by the American Society of 
al Engineers and under the chairmanship of H. H. Anderson of 
Shell Oil Co., convened at 2:00 p. m. in the Shrine Auditorium meeting 
This meeting pertained largely to oil well tools and created much 


st among the oil well fraternity. The papers presented are as follows: 


OU The Manuf acture of Rotary Tool J oints- W. H. Fisher, chief 
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metallurgist, and A. H. Martois, research department, Emsco 
Derrick and Equipment Co., Los Angeles. 

Cast Steel Slush Pump Cylinders—Lester Keim, general manager, 
Oil Well Supply Co. of California, Los (Angeles, 
5200 The Development and Manufacture OT Rotary Driving Grief 
department, National 
Supply Co. of California, Torrance, California. 


Sucke ” Rods WwW. H. 


Co., Los Angeles. 


Stems—Glenn C. Merkley, engineering 


Laury, research engineer, Axelson Machine 


WEDNESDAY, JANUARY 16 


The fifth technical session of the Congress convened at 10:00 a. m. 
Hotel Biltmore, and was sponsored by the California 


Division of Development and Production 


e musie room of the 


Kngineering of the American 
roleum Institute, and was under the chairmanship of A. 


rot (,. Rubel of the 


nion Oil Co. Two papers were presented at this session as follows: 


11:00 Sucker Rod Strains and Stresses I, W. Lake, superintendent 


of operations, Orange County Division, Union Oil C 
Angeles. 


Oil String Failures fa a 


o., Los 


Coberly, president, Kobe, Ine., Los 
Angeles. 


first paper discussed in considerable detail the problem of sucker rod 


failures, and made a plea for the need of better tools and better methods 


heat treating in order to lessen the failure of deep pumping operations. 
"he second paper was a lengthy dissertation upon the failure of the ‘oil 


ig’’ or the oil pipe line which goes down into the well. The author 


liscussed the various types of failures which occur in oil strings and pointed 


t that some failures are the cause of great trouble and much loss in 


production of oil. This paper was the result of the compilation of a large 
mount of field data as well as research work. About 200 members and guests 
ttended this session, 


The sixth technical session, sponsored by the American Institute of 
lining and Metallurgical Engineers, under the chairmanship of R. R. Boyd 
the Richfield Oil Co., was called to order by 
n the meeting room of the Shrine Auditorium. 


this session as follows: 


the chairman at 2:00 p. m. 


our papers were presented 


2:30—On the Double Diagram of the Iron-Carbon System Dr. Kotaro 


Honda, Research Institute for Iron and Steel, Imperial Uni- 
versity, Sendai, Japan. 
bo: 00 


Proposed Metallurgical Control for Small Heat Treating Plants 
Dr. Welton J. Crook, 


professor of metallurgy, Stanford 
University, California. 


0:30--Standard Complete Factory-Built 25-50 Ton Flotation Mills— 


J. P. Shimmin, chief engineer, 


Southwestern Engineering 
Corp., Los Angeles, 
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/ dtment of Gears W. H. Phillips, Vice president, Molyb 


denum Corp. of America, Pittsburgh. 


request of Chairman Boyd, Dr. Jeffries intré@uced Dr. Kotaro 


the Imperial University at Sendai, Japan, and honorary membet 


,. 8. S. T., who journeyed to America as the special representative of 


panese government to the Western Metal Congress.. Dr. Honda then 


ed his paper. The remaining three papers were them presented in thei 


and by their respective authors, 150 members and guests attended 


s 


THURSDAY, JANUARY 17 


[he seventh technical session, sponsored by the Pacific Gas Association 
he chairmanship of C. M. Grow of the Southern California Gas 


o order at 10:00 a. m. Six papers were presented at this 


the following order: 


{dvantages and Disadvantages of Oil, Gas and Electric Fired 

Furnaces—C. B. Phillips, vice-president, Surface Combustion 
(‘o., Toledo, Ohio, 

Heat Treating Furnace Design—J. HH. Gumz, industrial engi 

neer, Pacifie Gas and Electric Corp., San 


kearist ng Heat Treating Installations kK. 


I’raneisco, 
M. DeRemer, industrial 
engineer, Southern California Gas Co., Los Angeles. 


for Industrial Heating 
CC. M. Grow, new business manager, Southern 


What the Gas Compantes 1r¢ Doing 


California Gas 
+: Los Angeles. 


Gas as Applied to Carburizing—written by P. C. Osterman and 


Kk. (. Cook, American Gas Furnace Co., Elizabeth, N. J., 
read by E. M. DeRemer. 


The Use of City Gas in the Carburiz 
Robert GG. 


LILg of lron and Steel 
Guthrie, metallurgist, Peoples Gas Light and Coke 


CO.. Chicago. Paper read by R. A. Hornby, Southern Cali 
fornia Gas Co. 


author restricted himself to the time limit provided. The attendance 


lls session was about 200, 


The eighth technical session was sponsored by the Pacific Coast Electrical 


\ssociation, and was under the chairmanship of R. C. MeFadden of the 


uthern California Edison Co. It 


~ 


convened at 2:00 p. m 


.. and three papers 
ere presented on this program, They 


were as follows: 


~:30-—Address— Paul Downing, vice-president, Pacific Gas and Electric 
Corp., and president of the Pacifie Coast Electrical Association, 
San Francisco 


The Use of Electricity in the Heat Treatment and Welding of 


M etals—C. L. Ipsen, A. N. Otis and W. L. Warner. 
by N. R. Stansel. All men are 


Electric Co., Schenectady, N. Y. 


Presented 


associated with the General 


Klectric Heat and Its Application to Heat Treating P. 
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Kelly, Westinghouse Electric and Manutfacturino Ce 


field, Ohio. 


Or 


r of persons attending this session was 250. 


exposition closed at 6:00 ». mm. on Thursday evening in order to 
evening open for the informal dinner-danece which was held in 
et room of the Hotel Biltmore at 8:00 p. m. 
@ evening proved to be a very interesting occasion, consisting of a 
lance interspersed with entertaining and amusing vaudeville numbers. 


than 500 attended this event which lasted until 1:00 a. m. 


IRIDAY, JANUARY 18 


he ninth technical session of the Western Metal Congress was sponsored 
Society of Automotive Engineers and was under the chairmanship oft 
bert Favary, consulting engineer, Moreland Motor Truck Co. ive 


ers were presented before this session in the following order: 


10:25 Vanufacture and Heat Treatment of Automobil: Leaf Springs 
J. B. Rauen, general manager, U. 8. Spring Co., Los Angeles. 

Product On of Nickel Steel Castings by klectrie Furnace Method 

Kk. Favary, consulting engineer, Moreland Motor Truek Co 


Burbank, Calif. 


“% 


{lumtnum as Applied to the Automotive and Airplane Industry 
Dr. Zay Jeffries, chief research engineer. Aluminum Co, 
America, Cleveland. 

se of Metal in Atreraft Construction J H. Kindelberger, 
chief engineer, Douglas Aireraft Co.. Santa Monica, Californin. 
Vetallurgical and Heat Treating Problems in Motor Car Manu 
facture illustrated with moving pictures)—J. M., Watson, 

chief metallurgist, Hupp Motor Car U0., Detroit. 
+4 


endance at this meeting exceeded 250. 


The tenth and final session of the Congress, sponsored by the American 
Welding Society and under the chairmanship of A. E. Deburn, chief engineer, 
Pacifie Pipe and Supply Co., was called to ‘order by the chairman at 2:00 p.m. 


e papers were scheduled for presentation at this session. They were pre 


gy 


ed in the following order: 


2:45—The Weld ng of Steel Buildings and Bridges Dr. Frank P, 
MeKibbin, consulting engineer for the General Electric ¢ 
Schenectady, 

3:15—Heat Treatment with Oxyacetylene Flame J. J. Bruton, service 
engineer, Ox-weld Acetylene Co., New York. 

£: 00 Building Machinery with Are Welded Steel Replacing Castings 
David Hall, district engineer, Westinghouse Electric and Mfg. 
Co., Los Angeles. 


neeting was especially well attended, there being about 350 present. 


the papers were presented by their respective authors and much 
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lisecussion Was brought out, especially so in the 


resented by Dr. F. P. Me Kibben, 


Plant Inspection 


sting plant inspection trips were provided 


by the committee on 
ection under the chairmanship of W. W. 


arrar, These inspection 
scheduled for Tuesday, Wednesday, Thursday and Friday mornings. 


ee made arrangements for the inspection of the following plants, 


Congress is indebted to these concerns for their willingness to eco 
this phase of the program. 
field inspection, Signal Hill, Shell Company; General 


tion: Emsco Forging Company; Western 


Machine Company; Union Tool 


Petroleum 
Drop Forge Company; 
Company, Torrance; 
npany, Lomita; The Stoody Company, Whittier; H.C 


Doheny Stone 
. Smith Company, 
Emsco Derrick and Equipment Company; Western Air Express, 
Plant, Long Beach; 
; Columbia Steel Mills, 


eld: Southern California Edison Steam 


Railway Shops, Los Angeles 


yn Iron Works. 


Union 
Torrance; and 
vas gratifying to note that many members and guests took advantage 
plant inspection trips. 


Ladies’ Entertainment 
interesting program for the entertainment of 
arranged by J. H. Knapp, chairman of the 
mittee. The 


visiting ladies had 


ladies’ entertainment 
arious events which made up this program were as follows 


MONDAY, JANUARY 14 


Luncheon at Hotel Biltmore followed by sight-seeing tour to Hollywood, 
erly Hills and the ‘Beaches. 


TUESDAY, JANUARY 15 
lrip to a Moving Picture Studio. 


WEDNESDAY, JANUARY 16 


\uto sight-seeing trip to Pasadena and surrounding territory, including 
sits to the Alligator farm and Ostrich farm. 


THURSDAY, JANUARY 17 
inner-Dance-Entertainment in the Ballroom, Biltmore Hotel. 


FRIDAY, JANUARY 18 
Moving picture theatre party to Grauman’s famous Chinese Theatre, 
wood. 
i'} 


there were about 75 ladies in attendance. 


Lectures by J. F. Keller 


of the outstanding features of the Western Metal Congress was the 


lrse 


t jectures on metallurgy and heat treatment delivered by Professor 
5.) ° 
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Keller, presented each afternoon at 4:00 p. n., from Monday through 


There was an enrollment of about 120 in this course of lectures and 


ny favorable comments which were heard, we are sure that 


Professor 


etures were profitable and interesting to all in attendance. 


of the fact that the first Western Metal Congress and Western 


and Machinery Exposition met with such unanimous approval 


ss, both among the exhibitors and members in the west, the board 


tors of the society has authorized a second Congress and Exposition 
d in California in 19. l. Definite plans as to the city in Which 
he held have not been made, 


following is a complete list of those companies and individuals who 
their products at the eXposition, 


LOMPANY CLEVELAND Twist DRILI (COMPANY 
(‘OMPAN\ CLIPPER BELT LACER COMPANY 
ICAL WORLD OLONIAL STEEL COMPANY 
BEARING CO. OF CALIFORNIA ‘COOPER Hewirr ELECTRIC COMPANY 
HOLDING CORPORATION RUCIBLE STEEL Co, OF AMERICA 
CTION SALES COMPANY 'USHMAN CHUCK COMPANY 
ECTROTHERMIC Corp. 

COMBUSTION COMPANY DaLTON TooL AND MACHINE (Co. 
BRASS COMPANY DEARBORN CHEMICAL COMPAN\ 
CAR AND FouUNpDRY Co, DINGS MAGNETIC SEPARATOR Co, 
FOUNDRYMEN’s ASS’N Disston & Sons. 
BLUM Mra. Co. DucOMMUN 

‘G BROTHERS TOOL Co, 

ND Son, F. A. F 
ND COMPANY, E. ¢ Ik 
EEL COKPORATION |: 

|: 
|: 


IN« o HENRY 
CORPORATION 


tASON AND THEROLF TooL Co. 
LASTMAN KODAK COMPANY 

JECTRIC STEEL AND MFG. Co. 
-ECTRICAL REFRACTORIES COMPANY 
sLWELL-PARKER COMPANY 


4 


MACHINE COMPANY 


CHAIN COMPANY 
AND LOMB OPTICAL Co. 7 ; 
aie FEDERAL MACHINE AND WELDER Co. 
EM STEEL COMPANY ha ae “ane : 
cs Pai hIinTH-STERLING STEEL CoMPANY 
AND KEELER MACHINE WKS. ; ‘ 
: KorD COMPANY, J. B. 
‘D DECKER Mra. Co. ‘ ae 
FUSION WELDING CORPORATION 
COMPANY 
COMPANY, E. W. CG T ( 
. ; RING »AN 
LD REFRACTORIES COMPANY nae pee as . 
COMPANY GATHMANN ENGINEERING COMPANY 
\ 
; ' GENERAL ELEctTRIC (C »AN 
TRUMENT COMPANY on ea ELECTRIC eens 
. ‘ LOBAR IRPORA’ 
O ForGE COMPANY Q rip pressing sare 0 
ODDARD AND ODDAR IMPANY 
OF POWER AND Ligut (L. A.) , P ODDARD COMPANY 
GRANT Mra. & MACHINE (Co. 
IA MALLEABLE CaAsTINGs Co. 
NIA Om Worup HAGAN FURNACE Co., GEORGE J. 
ELECTRIC CORPORATION HALCOMB STEEL COMPANY 
L, INc., A. C. HARDINGE BROTHERS 
OTTO MANUFACTURING Co. HAYNES STELLITE COMPANY 
NDUM Co. (Abrasives) HEPPENSTALL FORGE AND KNIFE Co. 
‘DUM Co. (Refractories) HERBERTS MACHINE AND Suppiy Co. 
ALLOY STEEL CORPORATION HISEY-WOLF MACHINE COMPANY 
) STEEL AND WIRE COMPANY HORTON AND SON Company, Inc.. E. 
Oil TooL Company, Lp. HOUGHTON AND COMPANY, E. F, 


TRUCTRACTOR COMPANY HuGHES TooL COMPANY 





JENSE INSTRUMENT COMPANY 
JOHNS-MANVILLE COMPANY 
JOHNSON GEAR COMPANY 
JORGENSON COMPANY, EARLE M. 
KAY-BRUNNER STEEI 
KELLEY REAMER COMPANY 
KINNEY IRON COMPANY 
KNAPP COMPANY, JAMES H. 
KruerP NIROSTA COMPANY, INC. 


CASTING Co. 


L.. A. AUTOMOTIVE WORKS 
LAIDLAW, WILLIAM, INC. 
LANDIS MACHINE COMPANY 
LARGENT COMPANY 

LEEDS AND NORTHRUP COMPANY 
L Zz. INC. E. 

LINCOLN ELECTRIC COMPANY 
LINDE AIR PRopUCTS COMPANY 
LUDLUM STEEL COMPANY 


MACHINISTS TOOL AND SUPPLY CO. 
\IASTERSON AND COMPANY, Jos. A. 
MoGiLt METAL COMPANY 
VicLANATHAN AND Sons, F. W. 
MerRcO NORDSTROM VALVE COMPANY 
Merir OI. EQUIPMENT COMPANY 
METTLER COMPANY, L. B. 

MEYERS MACHINERY COMPANY 
MINDER COMPANY, J. W. 

MINERALS AND METALS CORPORATION 
Morse Twist DRILL AND MACHINE Co. 


NATIONAL TWIST DRILL AND TOOL Co. 
NEW DEPARTURE MANUFACTURING CO. 
NIAGARA MACHINE AND TooL WorKsS 
NORMA BEARINGS COMPANY 
NORTHWESTERN MANUFACTURING CO. 
NuTTrALL COMPANY, R. D. 


OAKITE Propucts, INc. 
Or AGE 

QO K Toot COMPANY 
O1L BULLETIN 


PACIFIC ABRASIVE SUPPLY COMPANY 
PACIFIC FACTORY 

PANGBORN CORPORATION 

PEERLESS MACHINE COMPANY 

PEIR COMPANY, A. H. 

PELS AND COMPANY, INc., HENRY 
PENTON PUBLISHING COMPANY 
PERFECT CASTER MANUFACTURING Co. 
PERIN, IRA G. 

PETROLEUM WORLD 

PLOoMB TooL COMPANY 
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PUROX COMPANY 


REED MANUFACTURING Cow 
REGAN FORGE & ENGINEERI 
RHODES MANUFACTURING (% 
ROCKFORD MACHIN] AND Tox 
Roror Air Tool CoMPANY 

SAVAGE, W. J.. COMPANY, | 
SECURITY 


RU MILANI FACTURING (% 
MIANUFACTURING Compa) 
SHRADER ELECTRIC COMPAN 

SIDNEY MACHINE AND Too. Compa, 
SIMONDS SAW AND STEEL Compa) 
SLATE AIRCRAFT CORPORATIO? 
SLEEPER AND HARTLEY, Inc. 
SMITH BoorH USHER COMPA 
SOUTHERN CALIFORNIA EDISON (¢ 
SOUTHERN CALIFORNIA GAS COMPANY 
SOUTHERN CALIF. [RON & STEEL ( 
SPENCER TURBINE COMPANY 
SPINDLER AND SAUPPE 
STANDARD O1L COMPANY 
STANDARD TOOL COMPANY 

STEEL PUBLICATIONS 

STERLING ELECTRI 
STONE FoG LIGH' 
STOODY COMPANY 
STORY COMPANY, C. 8S. 
STRAND AND COMPANY, N. A. 


SHARPE 


4) 


Motors, Ine. 
COMPANY 


TIMKEN STEEL AND TUBE COMPANY 
TIMM COMPANY, O. W. 


UNION 
Rs mes 


DRAWN STEEL COMPANY 
ELECTRICAL Mra. Co. 


VANADIUM CORPORATION OF AMERICA 
VEGETABLE OIL PRODUCTS COMPANY 
VERNON FOUNDRIES 

VictoR WELDING EQUIPMENT Co, 


WELDING ENGINEER PUBLISHING CO. 
West Coast PIPE AND STEEL Co. 
WESTERN AIR EXPRESS 

WESTERN COLLEGE OF AERONAUTICS 
WESTERN Drop FORGE COMPANY 
WESTERN MACHINERY WORLD 
WESTINGHOUSE ELEctTRIC & MFG. U0. 
WHITMAN BARNES-DETROIT CORP. 
WHITNEY MANUFACTURING COMPANY 
WILCOX COMPANY, E. A. 
WILSON-MAEULEN COMPANY 

WILSON WELDER AND METALS CO 
WISCONSIN ELectrric COMPANY, INC. 


YOUNG BROTHERS: COMPANY 








